ED  148  618 


TITLE 


INSTI-TOTION 

SPONS  -iGENCY 

POB  DATE 
NOTE 


iV&I-LABLE  FROtJ. 


EDRS  PRIC& 
DESCRIPTORS 


SE  023  744 


COPES,  qonceBtually  Oriented  'Program  in  Elementary 
Science:  Teacher's  Guide  for  Grade ''Six,  Preliminary 
•Edition.  ,  4  vj  ' 

New  York  Univ.,  luy-.  Center  for  Field  Research  and  ' 
School  Services.! 

National  Science  Foundation,  Washington,  D.C. ;  Office 
of  Education  (DH'BR)  ,  •  Washington,  D.C*  x 

73,  /  . 

^^96^.;  For  related  docuaeilts,  see  SE  023  7a>7a5  and 
ED  05M  '939;  Not  available  in  ha.rd  jcopy  due  to    '  . 
copyright  restrictions 

Center  for  Educational  Research,  New  Yojck  University, 
51  Press  Building,  Washington  Square,  New  York,  N.f. 
10003  ^$9.50;  over  10, 'less  2%v  -over  25,  less  5%) 

'mT-$1.00  Plus  Postage.  HC'  Not  Available  from  EDES. 
Curriculum;  ♦Curriculum  -Development';  Curriculum 
Guides;  E3?^aentary  Education;  *^Element^ry  'School 
Science;  *Grade  6;  Science  Curriculum;  Science 
Education;  *Teaching  Guides 

♦Conceptually  Oriented/*r9gram  Elementary  Science 


IDENTIFIERS    '  ,    ^ 

AB$TRACT  '  / 

This  document  provides  the  teacher's  guide  for  ^grade 
sax  for  the  Conx:eptually  Oriented  Program  in  Elementary  Science* 
(COPES)    science  curriculum  project.  The  gudde  includes  an 
introduction  to  COPES,  instructions  fpt;using  the  -guide',  instructions 
for  assessment  of -the  student's  grade  5  mastery  of  science  concepts,'* 
and ^ six  science  units.  Each' unit  includes  from  five  to  seven, 
activitiejs  and  an,  assessment.  Unit  topics  include:  living  things>  ' 
energy  and  "bonds,  copper,  degradation  of  energy,  random  events,  and 
Jiechanical  systems.  E^ch  activity  inclqdes*a  teaching  sequence  and 
commentarry.    (SL)  ^         ^  -  ^ 


*  Documents  acquired  by  ERIC  include,  many 

*  ^  materi^s,  not  available  from  other  sources. 

*  ta  obtain  the  best^  popy  available.  Neverthel 
**^ireproducibiXity.  are  often  encoua^tered  and^  th 

*  of  the  microfiche  and^  hardcopy  reproductions' 

*  via  the  ERIC  Document  Reproduction  Service  ( 

*  respqnsibl.e  for  the  quality  of  the  original 
supplied  by, EDRS  are.;the  best  that  can  be  ma 


4e      4e  ♦♦♦♦♦♦♦  f  ♦♦  4t:(c3|t#i|^4e  2«c  4e  ♦  4t  ♦ 

inforiial  .unpublished  * 
^RIC  makes  every;  effor*  * 
ess,  items  of  marginalS-s* 
is  affects  the  quedity  * 
EBIC  makes  available-  •  * 
EDRS)  *.  EDJRS  is  not  ,* 
document.  Reproductions  ♦ 
de  ^rom  the  original.  * 


CO 


•PERMISSION  TO  «'HPR0DUCE  THIS 
MATERIAL    IN   MICROFICHE  ONLY 

HAS  BEEN  GRANTEqSY 


TO  THE  EOUCATlOIVAL  RESOURCHS 
INFORMATION  CENTER  t£RlCI  AND 
USERS  OF  THE  ERIC  SYSTEM 
/ 


'     U  S  0E^AIITMiNT0F>4EALTH. 
EDUCATION*  WCLFAKE 
NATIONAL  INSTITUTE  OF 
EDUCATION 

THIS  DOCUMENT  HAS  8EEN  REPRO- 
OUCEO  EXACTLY  AS  RECEIVED  FROM 
THE  PERSONOR  ORGANIZATION  dRfOl^- 
ATING  IT  POINTS  OF  VIsEW  OR  OPINIONS 
STATfeD  00  NOT  NECESSARILY  REPRE- 
SENTOFFICIAU  NATIONAL  INSTHUTEO*: 
EDUCATION  POSITION  OR  POLICY 


COPES 

Conceptually  Oriented  Program 
°in  Elementary  Science 


Teacher's  Guide 
for  Grade  Six 

Preliminary  Edition 


NEW  YORK  UNIVERSITY 
Printed  and  Distributed  by  the  Center  for  Educational  Research  and  F^ld  Services 


CO 

? 


/ 
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conne c ts  series 


whicli; 
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in  themselves 
in^rument ,  a 


concept 


series,    in  that  it 

unconnected.     Such  an  'element  becomes 

I  think^  that   the   ttansitidn   from  free   ajfesociation  or  "dreaming^ 
to    thi^iking,  is  characterized  by  the  moye  or*  less  dominating  role 
which  the   "concept"  plays  in  it.      It  i^  by  no''  means  pecessary  \ 
that  a  concept  must  be  connected  with  7a  sensorily  cognizable  and 
reproducible   sign   (word)^  ;'  but  when  this  is   the  case  thinking^ 
becomes   b^  means  of  trl;iat  fact  communijcable  .  .  .  .  " 


are 


-/-Al^Dert  Einstein 
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.The  Viking  Press,  1973, 
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An  Introduction  to  COPES 


COPES  .  (Conceptually  Oriented  Program   in   Elementary   Science)  is 
a    science'  curriculum  cente^red-  pn  ^ome  of   the^major  conceptual 
schemes  in  science.     We   accept   the  premise  trhat  general  educa- 
tion  in  science    is   a  necessary' part   of  th^  educational  struc- 
ture,  ^ot   so  much   for  whatever  practical   values   it'^may  -afford 
as   for   its,  pure   intellectual   s  t imu'l  a t  ion  .     There^  is  'also  a 
growing  awareness   among  .the   general   public  of  the  increasing 
impact   of   science  and  technplogy  on   modern  civilization*.  Yet, 
paradoxicallr/    our. society   is  very  poorly.  in£orm^d.  in  science. 
While   many  believe  that   science  belongs  with   those  di^cipl  iives  , 
that   traditionally  have   been  ^regarded  as    essential   to   man ' s  ' 
cultural  enrichment,   the   average  person   fails   to  see   it   in  this 
light.     Whatever  the   reason,    clear>Ly^  dHar   educatiV^nal   system  is 
at*  fault.      It   is  probable  .that  past   effort's   to  minimize  the 
intellectual  ch a  1 1 enge   in '  s c i^nce  Curricula  have  succeeded 
mainl-y   in  distorting  the   nature  of  the  ei^terprise   in*  the  minds 
of  most  school   children.      By  the   time' these  children  reach  high 
school,   their  natural   curiosity   and   interest  in   science  appear 
to  be   gre^atly  diminished.     Of  those   that  bnter .  col  lejge  ,   a  great 
many  a>:e^actu^lly  repelled  by^sciehpe.  v 

Elementary   school   children,    as   a  who:).e,    are  probably   the  most 
recepti-ve,    tfie   mos  t' cur  ious  ,/the  most   imaginative,    and  ih^  ipost 
c6operative  -"ntfn-scie'nce "   students  ane  can' find  in  our  eTiuca- 
tional  ^system.-   *  Today,    it   is  apparent   that  much  more^can'be 
accomplishe(3  ^t   this,  level   than  was   believed  possible   in  .the 
past.      In   these   formative  years,   whe?i  minds  are   so   receptive  to 
nevT  ideas  and  before   children's   patterns   of  thinl^ing^^ecomeV^o 
crysfallized^,   we   think   it  possible 'to  develop  a   f^aundatidn  in 
•science  -^at*  will  remain  a  j^ermanent  part  of   theilr 'intellectual" 
life.  ^     ^  .  U    •         .  . 

'Wh-at  is  the  bast  way  to  help  young  children '  attain  a   level  of 
understanding  and  appreciation   of'science   that  will   serve  them 
through   their  adult   lives?     Rather   than   fill  ^heir  minds  with 
unrelated   facts   anci  details,    the  COPES  approach  is   to  focus 
their   attention   on  certain  of^^tile   "big   ideas"   in  3cience--the 
broad,    inclusive,   conceptual   schemes^ in  terms  .of  which  the 
sbient:ifi*c   community  seeks   to  account  *'for  the   f  amil  iar/ f  ac  t  s  *^f 
nature.     These  cen.trajr  ideas   aire   stressed  throughout .  the  pro-' 
gram;   wherever  possible,    everything   in^  the  curriculum  .is  re- 
late<^  to  these   conceptual   schemes.     V/e  vbe  lie  ve  ^  tha"t  long  after 
he   of  she  has   forgotten   th^   f acfls  .of   science,   a  child  expoVed-> 
to   such  ^a  curriculum  may   retain   sdici'e  unde  rstanding  of .  what  is 
trif^  .import ant  .      It   should   make   it   Qlear   t>iat   science   is  more 


than  a  collection  of   isolated  facts   and  provide  the   child  with 
a  solid  framework  on  which   to  construct  a  pers^onal   view  of  the, 
world  of  nature.     We  also  believe  that  having. such  definite  ob- 
jectives,   in   the   form  of   concep^tual,  schemes-,   ad^ds   to   the  pe-da-'^ 
gogical  s-trength  of   the   curricu'lum  beca'use   it  ^p;:pvides  teachers 
^and  students  \^ith  clearly  defined  g^oals,   as  well  as  'a*  cobes  ive 
p-ictureofsc^ence/  ' 

St'  .   THE    CONCEPTUAL  ^CH^WES.  :  '  ' 

y 

^Civilized  man  h'as   always  prdzed   bold  ideas,  ^^hether   in  art  , 
literature,   politics--or   science.     Throughou't  history,  the 
great   ideas   stand\out  as". focal  points   'for  new  systems   of 'phi- 
losophy;  new   religions,    new  modes- of   thoughts   even   new  soci- 
*e-ties.      Their  counterparts    in  the  sciences   play  a  similar  role. 
The  big>ideas   in  science   are  man's   response   to   the  challen'g^ 
of"  nature  ,   his  way  of  trying   to   accoun^t*  for   ;Eami  1  i ar*^ac t s  in 
terms  of       relatively  few  basic  'schemes   which  help   to\  unify 
bro^   i^anges  O'f  experience.      Thus  science  is  not  simply  a  ,  malf- 
ter  of  .'accurate  vand   detailed  de  scription-s  of   things   and  events, 
or  of  e'xtending  our   senses   by  the  use  of   ins t r-uments  .  These 
are -mgarely.  steps   to  a  much   larger  objective*-^   the   invention  of 
models    (theories ).  that   form   the   bases   for  all  e^xpl  ana  t-ion  in 
science^     Such   unifying    ideas  as   the'  kine tic-mole*cular  theory-> 
the  statistical*  view  of   the   universe,   trhe   conservation  princi- 
ples,   the  quantum  theory,"  the  "gene   theory  of  heredity,  eta!/ 
are   the  kinds  of   fundamental   schemes   to  which   scientists  in- 
sti'nctivfely   t^rn  when  'faced   with   new  prob;eins,    ^C^iey  represent 
the  prinnacle  of  explanation    in   science*,    the  prtD^ufct  of  man's 
creative   imagination--and  should  be   classed  'among  the  greatest 
of  his  Intellectual   achievements.        *    -  ^ 

While'  they  may  differ  greatly  in  subject  matter  wit.hin  the 
broad   field  of  science,    thes  e  conceptual  ^sch-emes  have   in  common 
that   they  are  not  susceptible  to  dir'^ct   experimental  verifica- 
tion.^   Thus,    the *as sump t ion   that  matter  is   composed  of  small, 
•  discrete  ,particles^--atbms  or  mo  lecules--wh,ich   is  ba^sic  to  the 
kinet  ic-mole.cula'r  theor^^is  obviously  not'  sub  j  ec  t.  to   proof  of 
the  kind  *tha't  m^ight   be    considered  "direct."     The   same    is  true 
of  all  major   conceptual    schemes  ;  ^ito   scientists   they  are  essen- 
tially   "arti..clea  of   faith."      Our  con'fudence.  in   them  rests  upon 
'the   degree   tg^which   they  help  us   to   account  for  our*  experiences 
with  nature   in  an   in  t^e  1  lec  f  ual  1  y   satisfyin'g   fashion.      And  th^ 
wider   the  i  r  grange  ^  o  f  applicatiorf,   the  stronger   is   our  belief 
in  their  validity.    .-This   is  -not    to  say  that   conceptual  schemes 
are   inf  al]/ible ;  •  they  are*,   after   all,    sub*ject  to'almost   the  .same 
urncertaint ie's  as  , any  other  of  man's   ideas.     But   those   that  per- 
sist after  being  sub'jected   to  the  test  of  time,    including  re- 
peated cha^leng^es  and  refinements  by  competent  ^critics  ,  became 
the   foundations  of   science.     '  \       -  '       ^  • 


F!ive  such  ccnc^p,tual   schemes   form  the  nucleus   of'  the  CO^ES  cur- 
riculum:    1,      'ihe   Structural   Units  of  the   Univ^erse;      2.  'Inter- 
actipn   and  Change;      3.'    The   Conservation  of  Energy;     4.  The 
'Degradation  of  Energy;  *  5.      The   Statistical  View  of  NatuT§,  ,  The 
schemes  were   selected, because   they  include  most  of  whalS  is  funda 
ii>ental   m   science   and  because   they  provide'  the  basis   for  cl  log- 
ical,   seque'ntial   development   of   skills  and  concepts  through  the 
e^rementary  grades.      It  may  be  noted   that  the .  las  t-  ,thr  e  e  scheme^' 
are  new  t6   the   elementary   school.     They  haVe   been   taught,    if  ax 
^^11,   onl*y   ici  the   secondary  schools  and  college^.    'Neve  rthe'less  , 
because  of  ♦their   great,  importance   in   contemporary    scienc^e,  cin^fl 
a   conviction  that   eve n^  such   seemingly   sophis^ticated  topics    can  » 
be   made  meanin,gf.ul   to  elementary   school   children/   they   are  in- 
cluded   in   COPES.  *  •  \  ' 

Following   are  br  i  e  f .  de  s  or  ifJ  t  ions,  of  each  of  the  conceptual 
schemes   from  a  scienti-ficf^  point'  of  view.      How  COPES  d.eals^with 
them  is  described   in  grea'ter  detail   in   introductsiqns  «to  each 
grade   leyel  and   sequence  of  Activities. 


1  .      The   St.ructural  Units   of   the'  Universe' 

Thd*  notion  that,  the   universe   Ls  made   up  of  various  k^ri*ds  <^f 
discrete  units  of  matter   is   central   to  the   formal    pursuit  of 
science.     Whether  they  be   the  smallest  subnuclear   pcirticles  or 
the   largest   stars,   whether  a^siijgle   livirig"ceH  or  a  complex, 
organism,    it   is   th^   discreteness   of  matter  that-.-makes    it  feasi- 
*ble   to 's.tudy  *natuY*e--t9   classify  its   structural  units   and  es- 
tablish a  h  ie'rarchy  '  among  them,*     Atoms     molecules,,  crystals,' 
cells ,  j^r^anisms ,    plants,   an imal s ,   p lane t s ,   sthrs,   etc. --these 
are   the  »st ructural   fprms   in  which  matter  ^is   fourtd.     The  'more 
complex  forms,    or  higher  -lev^'ls   ofi  organization,    exhibit  prop- 
erties  tfi^t  are  generally  more  than   the   simple   sum  of   their    '  - 
parts.      The   structural   units   with  whi<^h'  students   hav^   any  di- 
rect experience.,    that  ife,    large-scale  matter',   are    composed  of 
smaller-  units,    and  these,    'in   turtir   of   still   smaller  units.**  As 
for  the.  fundamental    "building  block$"'Of  matter,    for^the  pur- 
pose of  the  COPES  program  these, are   taken  to  bd'^atoms   or,   ^s  ^ 
more  commonly*  *en6duatered   in  na'^tu'ifer,'  molecules  . 

While   the  *  idea,  that   matter  is  made-up  of  'discrete   partjs   is   ob-  ' 
vj^ously  an   important  one ,  .  a   corollary   is   perhaps   equal^^- im- 
portant:.   This   holds'  tha^  natyre   is  .essentially  *s impl^-- tri at  in' 
spite  of  the  great  diveifsity  we  observe.,  'the  number  of  truly 
differen\t   "building  blocks"    is  seasonably   sm^ll.      The    nUmber  of 
different  molecules    (contpounds  )*  is-h^g^/   but  all   are  m^de  of, 
cQmbinations  of  .twd.ar  more  atoms.      There   are  only  .abou't  one  ; 
hundred  different  kin^s   of  atoms    (elements )  'found   in  nature,' 
but  evea  these  exhibit  certain  similar! t'ies   that  fTermit  group- 
ing them  into  still   f^-wer  major  c  at  eg'o  r  ie  s  f  ( e  .'g  .  ,  ^  ti\e  eight 
dif ferent-^lfamilies"  *of   the  Pe  riodic  .Table)        It   is,  this'^s iiu  — 
plicity  that  perm^its   us   to  seek   out   the  order   in   n aft.u r e.  aod^ 


.understand  it.  Think  how  impossi 
,not,  for  the  fact,,  that  we  are  able 
-relatively  few  totally  different 
order  is  found  in*the  life^scienc 
classifying  things--for  seeking  s 
diverse  plants  and  aniinals--is 'to 
different  living  things  to  manag^ 
difficult  the  life  sciences  'would 
two  animals,    had   siihilar  characte 


ble   this   task  i^ould  be  we're 
'  to  r^dute  our  observations 
experiences .  Corresponding 
es.     The  'basic  'r^eason  for 
imilarities   among  apparently 

reduce  the  total'  number  of**' 
abl6  proportions.      Thin^-  how 

be  if  no  two plan  tsv  or  no^ 
r  i st: i cs  . 


it 
to 


i 


nteract ion  and  ange 


.TaH:en  as   a'whole/  the   uni  ve  rs  e ' ^  coi^s  t  an  t  ly  ^chang  i  ng  .  This'is 
evident  at  most   levels  of  organi zAt iaii  :     s^ars  ,   planets,  geor 
logical   formations,    lix^ing  things"^,- etc  .  ,    all   change  with  t.ime 
in  percept ible  way^  .      Some   change's  are   readily,  observable 
which 
t  ime  . 


^  A.  ^  f" 

m^ans   that*  they  occur  ih-Wrelat^v^ly   s)iort  ^er'^^^^^^^y 
.  Certain   ch'^mi cal   an^  'n^^i ear  r^^ctions   are  ej^amplesfl'  of 
r^pid  changes.      Others^,    ^'uch^s  most^  evolutionary  or'  g^ologi c^al 
changes  i n v o  1  j^Ne >a v  "  1  o \  .     .    ^-  . 

ajtd  must  be   i n ^e^ri^^d  ..fTgY 
direct  obse r va t i"dn:,^'-f "S'u 
occurs   is   4  crit icaP  f arl 
sesaing  its  magnitude  anc 


periodV'of  time,   are  not  as  evvident 
indirect   evidence   rather   than  from 
the'  rate  at;'whicl\  a  g-iven  change 
ir  in  detectiytig  this   change  and  as- 
import.  ^  , 


Changes  occur  becau^"^SY\^"3Bteractions^'among  the,,  a.t ructural  , 
units  of  matter'/   Vi t^h^theX  res  ultt  'that   either'  th.e  properties  or 
arrangement  of   tYi^^^it^   Aay'  be  al t er ed'K^  in t e,r ac t ions  among 


units  of  matter   tal^^fefe^ceNth rough   f  iel'^P*©!  '  force  ,   of  which 
several  basically  di f f erent  \ypes   can  be  .dis t i ngui s hed .  Only 
two  of  these ,  .gravity  and  elels  t  rbmagne  tism    (electric  and  mag°- 
-netic   forces ) ,    are  normally  experienced  by  the   average  indi- 
vidual.     In   fact,   the  elect ricVforcet  ali3,ne   is   sufficient  ^-^j^ 
account   for  most   of  our  experiences,  'including  practically  all 
chemical  and  bio logi cal  -changes  .\     The  w^eakest  -force    (gr-avi ta-c. 
tional)   and^  the   strongest    (niicle\r)   play  particularly  interest- 
ing roles   in  effecting  changes   in  t^he   universe.     The   former  is; 
significant  only    for-the   largest  structural   units--plane ts , 
stars,   e tc . --wl^ile  the  latter  applik^  o/ly  to   the  Smallest', 
subnuclear  particles  . 


interaction--either 


No  change  occurs  without , an 
of  matter  or  between  master 

force  as  the  "argent"  of  cha'nge  plays  a  centiral 
and   in  utide rs  t anc^ing   the  ^evolving  ^jniverse  . 


between  units 
and  energy .     Thus   the   concept  of 

role   in  science 


3.      The   Conservation  of  Energy 


As  one  contemplates   the, concept  of  a  changing  universe,    it  is 
comforting  to   find  some  properties   of  the   universe   that,  appear 
to  be   invariant.      Such  invariant  properties  are   said  to  be 


'"conserved,"  and  the   statements  describing   them  are  genei^lly 
referred  to  as   "conservation  laws." 

The  most   fundamental  of  these   laws  are  conservation"  of  electric 
and  conse^rvati  on  of  energy :     The   JLatter^s  of  special 
,  interest  because   it  is.  so  »^sic  to.  all  of   sciencH^^^^    In  fact, 
the  *c6ncept  Q.f  energy   itself  became  ceatr^l  to   all^Df  science^ 
largely  because  of  the  conservati9n  idea.      Conservation  of  ma^r 
ter,   if  thought  of  as   conservation  of  mass,  while   a  useful  con- 
cept in. ordinary,    low-energy-  phenomena,    is'  not  valid  for  high- 
^  energy   interactions.      Instead,   the  principle  of  co.nservation  of 

energy  has  been  broadened, to   include  mass   as  a   form  of  energy, 
'^^'^  -leading  to   the  conservation  of  matter-energy. 

The  notion  that  the  totalT'^ount  of  m^atter' and "  energy  in  the 
universe   remains   constant   is  obviously  a  powerful  conceptual" 
idea,   perhaps   the  most  usefjal   guidin^g  principle   in  all -of 
science.  *  The  more  limited  idea  of  cons^vati'on  .of  energy 
a.lone,   while  .not^  so  inclujs  ive  ,  *  is   found  to  hold  so -well   for  the 
low-energy   infractions  normally  encountered  by  children  (e.g., 
•  in  energy  con^rsions)    as   to   constitute  a*  highly  significant 
conceptual   scheme   at   the/level  to  which  the  COPES  program  is  ^ 
addressed.  -  ^  ' 


4  /      >     4.      The   Degrada-tion  of  Eno^y       ^       ,  ^ 

One  cannot   fully  develop  ,the   idea  of  energ:?  conservation  in  a 
meaning^ful*  way  without  also  calling  attention  to  the^  direction  *  ^ 
of  energy  changes,   as   embodied. in  the vcorollary  conceptual 
scheme,   degradation  of  energy.  J Nv 


'Natural   events  ^end  to  have  a  unidirectional  character.  That 
is^,   changes  occur   in.  suih   a  way  as   to  bring  the  universe  c^ser 
to  a  final  |state   in  which   it  will^  have^  lost  the  ability  to  do 
any  u.seful  work.'^   .Thusv^in  the   conversion  of  energy  .f rom'  on?^'" 
form  to  another;   while   tTie  principle  of  ener«fy  'Qpiis  ervat  ion 
^,applies,^  -part"  of  the  energy  appears  in*  a  form  that   cannot  be 
fully  .ha-rjiessed  to  do   mechanical  w^ork.     This'form  is  heat.     .  ^ 
energy,   by  which  is  meant   the  kinetic  energy  of,  the   assumed^  ' 
random  motion  of  particles  of  matter.  '  ^ 

.  ■         .  -      "  f" 

The   idea  of  particles   moving^  at  random  is   central   to  the/O^inet- 
ic-molecular  theory  >   which  h^as  *  proved^'  to  be  an  effective -model 
for  understanding  gases,   as  well  as   the   concepts  o^f  heat,  tem- 
perature,   and  the   states  of  matter.     In  this  sense  degi;adation 
of.  energy  means   that  every  change   in  the   universe  occurs*  in 
"such  a  way  as   to  result  in  greater  randomness--that  is,  matter 
tends   to  spread  out  or  become   less  '•organized  ,an*d  energy  tends 
to'  distribute  itself  more  widely.  .  '  > 


In  mo-re   formal  terms,. -the   idea  th^t  changes  .-occur  in  this 
,  ^         ^  fashion  is  expressed  as  tjie  seco^nd  law  of  thermodynamics . 


Thus,    heat-flows    from  a  warmer  to  a  colder  body,   but  the  re- 
verse is   not  observed  unless   eaergy   is   supplied  from  an  -exter- 
n,al  source.      Similarly,   it  is   easy  to   fidl-  a  large  container 
with  gas    (mo lecuJLes )   )5y  r'eleasing  a  small  Amount  of*  gas  into 
it--the   gas    "breads   out'*   to   fill   the   container.    '.The  reverse 
'is   not'so  easy.      Compressing  gas   from  a  la"^rge   container   iiito  a' 
smaller  one   requires   that  external  "work  -  be   done  on   it.  The. 
.same  genera*!   idea  applies   to   all   changes  tha,t  appeat'  to  result 
in   higher  states   of  organization,   even   to   those   in   livin-g  sys- 
tems.    While   the   organism  its.elf  may  becB'me  jnore  ordei;ed,  il: 
does   so  only  at  the  expense  of  i ts   environment ,   which  becomes 
more  '  disordered.      The   n^t.^result   is  Bn  overall   tr^nd  tow^at.d 
disorder,   meaning  that*  the   total   energy  is.  degraded, 

:  ^        ^     ^     ^  ^     ^      '  ^  ' 

5.      The   Statistical   View  of  Nature  *  ^ 

The  modern  view  i^  that  natural  events   can  be  predicted-  only  on 
a  statistical  basis.      Most  of  our  e^t^^r iences  with   nature  in- 
volve large   numbers,   with   the  result  ttrat,   on'  the  whole,  nature 
appears /regular  and  predictable.      Even   the^  smallest  isample  of 
matter  \\ith  which  one  normally  com'es.into   contact  contains  huge 
numbers  of  atoms,  or  molecules,   so-  la'rge  that  one  can  readily, 
predict  tbe  avdra-ge  behavior  of  the  sample       This   is  somewhat 
analagous   to   a  game  of  chanc'e  whe.re*,   given  a  l^rge   number  of  ' 
e:ven ts  ,/nthe  overall  outcome  tian  'be   reJLiably  predit ted--evert 
though  VhV  result  of  a  single   event   cannot  be   forecast.  *In 
fact,   the  'same  mathematical .  laws'' of  .  probability  that  apply  to 
games  o>f   chance   appear   to  be   s\icces'sful  in  ^helping  one  predict 
the   statistical  behavior  of  natural'  phenomena." 

^hen  one   studies    individual  or  smaH   numbers  o:^  events,  th'e 
random  character   of  natural  phenomena  becomfes   evident.  Radio- 
activity ^is  one   such  phenomenon . where  behavior  ban  be  predict- 
ed' oniy  on  a   statistical  basis;     Another  examples  is  .the  trans- 
mission-of  §eneti*c  charac terist^ics   to  successive  g^nera>fons 
of  living  thin.gs  ,^^as   described  by  the   Mendelian   l^^s  Jls^ill 
another   is   the  Brownian  motion  of  small,   microscopic  particles, 
whdch  have  an   ei^ratic,   unpredictable  motion.     Examples  are 
limited  because   randomness   iS^apparent:  onty  wh^en  /dealing  \^ith 
smaJLl  numbers  ,  whi-th  on.e  does   not  often*  encounter  in  nature.  ^ 

Yet  the   idea   that  on  a  submicros copic   level  all  phenomena  are*- - 
random,    and  ^  that   nature  is  predictable   ortly  by  ^the  play;  of, 
large'  numbers  ,   is  obviously ;  a  bas  ic;  ai;^<d  im*portant  conceptual 
scheme.  '  The   challenge  is   to   convince  .children   that  one  can 
reasonably  generalize   to   this   conclusion   from  the   few  concrete 
examples   that  are   available--to  convince  them,    f or  .  ins tance  , 
that  while  the  motion  of  i.ndividual  molecules  of  a  'gas  is^petr- 
fectly  random,   the  overall  behavior  of  a- large  collection  oY 
nj^lecules,   like  tftat   involved  in  the   diff.^slon  of  cooking 
odors   through  a  house,   is   entirely  predictable. 


THE  M^^ODOLOGY   OF  SCIENCE 

Such  are- the   "big-  ideas"  with  which  COPES   is  concerned.  There 
is  more  to  them  than  appears  here,   of   course,   and  elaborations 
of  each  of  the  schemes  will  be   found  at  various  po'ints  through- 
out the  -curriculum.^    There   is   also"  more  to   the    "Qonduct"  of 
.science  than  may  be  apparent  in  this   approach.     What  mighl>  be* 
called,  the  methodology  of  science,  ^hy  which  we  niean' both** 
scientific  .procedure  and  the  attitudes  one  .  mus  t/ br  i'ng  to  it, 
is  an  essential  part  o-f  scientific   ijiquiry.V  V 

There   is   a  popular  misconception  that   in-the  iracticq  of. 
science  one  proceeds   in  an  orderly,   systematiL  prescirAbe'd 
fashion.     The   term  "Scientific  ntethod"   is   oftt'en  used  to  des- 
cribe  this,   as   though  ai;.   that   is  jieeded  ..for  scientific  dis- 
covery is  'to   follow  a  particular  set  of.  :tfule's.     The  term  is 

.mfQrtunate  because  it   implies   a  fixed   rputine   that  one  rarely. 
If  ever,    finds   in  practice.     There   is   no  onfe  "scientific  meth- 

iod."     Instead,-  the'^fi  are  certain  processes  /lhat  one  can  'iden- 
tify as  being   common  to  al  1*  s c ien ti f i c   inqiiiry.     These  include 
such  steps  as   observation  ,,  measure;ment  ,   ei^eriment  ,/'  formulation 
of  laws,    and  the  creation  of  th6o-rie's. 


Since  bne  can  hardly  expect  '  students'  to   formulate  basic  laws 
and  theories,    science  process   takes,  on  a  somewhat  /different 
connotation  in^the  cfasproom.      Her.e,   the  empha  s  is  /  i  s  genera  Uy 
placed  upon  careful  observation,  afld  j^easurement  ,  the  formula- 
tion of  "hypotheses"  by  th e f  s tudenWT,    and  the  des/ign  of  experi- 
ments  to  test   their  hypotheses.'     TKe  latter  might  be  -thought  of 
as   "^udent  theories'."*  j  h  - 

Learning  to  "observe,"   rather   than\  merely   to  "s^e,"   to  ma(Jce 
.careful  measurements,   ^nd  to  report  results  a.cc/(irately  an^  con- 
•cisely  are   skills   thsht  should  stand  one   in   goo<^  stead  in  all 
walks   of   life:     So,   too,,  should  the  habit  of  logicai  thought,, 
.the  Value  o-f  which   is  very   evident   in   science  and  mathematics. 

'fX)r  experiment,  asking  the  proper  qifest^ioas  of,  nature  is 
both  'aj\  art  and  a '  skil  l--a«d ,  in  the  final  analysis,  the 
only  way  of  testing  the  validity  of  ideas  about  nature. 

•    -  •     /  •  -      •  ■  • 

All  these   considerations,   plUs   a  fundamental  belief   that  nature 

is  orderly  and   that  its  behavior  can  be  unders'tooV^through 

scientific  .study,    comprise  -the  methodology   of  science. 
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Using  the  COPE& Teacher's  Guide 


COPES   is  a  spirally  cbns'tructed  elementary   science  curriculum 
that  proceeds   from  Kir\de  rgar  ten  through  Grade   6,  "by  a  progreg- 
siv^ely   sophisticated   series  of  learning  experiences,   to  an  un- {s 
derstanding  of  the   fiye   major   conceptual   schemes  outlined  in 
the.  Introduction,     In  the  COPES  Teacher's  Guides,   the  learning 
experiences   to  -be  developecf  are  presented  as   sequences  of 
teaching  Activities, 


'the  MINISEQUENCES 


The   pre-sequence   of  COPEsNac tivi tie^   is  designed   for  young 
childr-en  and  is  presented-  in   two  volumes--the  Kindeirgar ten- 
Grade^  One  and  G-rade  Two  Teacher's  Guides,     The  jnain  sequence' 
of   teaching  Activities   foi:  Grades   3  through  6   is  dlvide.d  into 
a  series   of   shorter  ^quence  s ,   each  d^f  which  is  called  a.  Mini.- 
sequence.      The   teaching  Ac ti vi tie s  -in:  a  Minisequence   focus  upc^n 
a  set  of  closely   related'  concepts   supporting  one  or  more,  of  t'^e 
conceptual   schemes.      Activities  have  been  serially  arranged,  as 
.  ha've   the   Mini  sequences  within  each  grade. 

The    titles  6f   the  Miniseque^Bt s  and   teaching  Activities   for  '\ 
.which  this   final   Teacher  *  s  Guide  lias  be  en  prepared  Vare  listed 
in  the-Cantents  on  p^ges   vii   and  viii.  .  In  the   Guide,   each  Mini- 
•sequence   is  preceded  by  an  introduction  wKich  'summarizes  its 
relevant   features  and  conceptual  development.     You  Can  o-btain  , 
a  good  overview  of  the  Activities  Tn  this.  Guide  by  reading  tl)^ 
introductions   to   the   varaous .  Minisequences ,  •  - 

Assessment  materials   have  been  prepared   fOr'each  Minisequence 
to   assess-  the   concepts  presumed  to  he  developed  'and   tfi^aid       *^  . 

attaining  mastery  of  ,them^     The   assessments   for  'the 


children  in 
sequences  in 


'Grade  6   appear  in  a 


separate  Asse^snvend  Kj. t  booklet/ 


THE  ACTIVITIES 


Withih  each  Minisequence,   Activities  aF^  ^rranWed  and  (numbered 
in  the  "or^er  in  which   they  should  tCe  taught-.     ^Ithpugh  the 
titlef  of  each  Activity  indicates  something  of  its  nature,  .the 
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introductory  paragr a^)h  ^ j^h ich   follows   s.tates   its  objectiye^  and 
.describes  briefly  wha,t   it   includes.     Each   introduction  may  also 
explain  how  t'hQ  Activity   is  ^related-  to  othe.ts  in  the  Mini'se- 
quendfe.     As  you  will   note,   th^e  intiroductory  statement  is  fol- 
lowed 'by  ^  list  of  materials   and  equipment,   suggestions  abo.ut 
how  to  prepare   to   teach   the  Activity,    and  an  indication  of  the 
approximate  -amount  of  time  that  will  be.  needed  to  complete  ,  the. 
*A<btivity.  '  •  -      *  '  ^ 

Suggestions   £o  r  s  tep-by~  s  te^   teachiYig  procedures,  including 
questions   tljat  might  be- raised  with  .the   children are  presented 
iiK^e  main  bod^  of  the  Activity  in  the  left-hand  columns  en- 
ti^l^.  TEACHING  SEQUENCE.    -Practical  hints,    explanations   of  the 
'science   content ,   and  alternative   teaching  suggestions   are  in- 
. eluded  in  the   right^hanfi   columns   entitled  COMMENTARY.  The 
teaching  suggestions   are   somewhat   detailed.     During^  your  first 
t,ime  .th^roiijh   the  Activities,    you  may.  wish   to   follow  the  sug- 
gestions  rather  clo'sely.;     After  that*  you  may  prefer  to  modify 
the  procedures   in  ways   that  are* more  In  keeping  with  your  own 
teaching  style.  .  . 

At   the  ^end  of  some  Activities,    theire   is   a   final   section  called 
EXTEJ^D^ED  EXPERIENCES.     jt-hese  'sections   suggest^ways  in  which 
the  childr,%n  ca^  obtainj  further  practice  withTthe   skills  or-, 
ideas   in^  the  Activity  or.  ways   in  which   their  \inders tanding  of 
the '.underl-ying  concepts  -can  be   enriched.     The  Extended 'Experi-  ' 
ences  are  meant"  to  prx)vide  opportunities*  for  particular  chil- 
dren.- to  go  beypnd   th*e '  spe  c  if  i  c  activities  outlined  in  the 
Teaching  -vSequence .    ^  ' 

:     INVOLVEMENT  *  OF  .  CHILD^Et^ 

•A  fundamental -commitment  underlying  tihe  development  of  all 
COPES^  teaching  ma.te'irials   is  .that,  th^children  must  become  V 
intellectually  involv^ed  i-n  each  learning  activity.     The^se  ^ 
materials  will  help  you  to  encourage  such   involvement^  by  creat- 
ing learning  situations   that/,  from  the   child.' S|rf)o  in  t  of  view/' 
are  incompleted;     You  will   then  lea(^  the  child  ^  produce  an 
idea  that   tends  to  complete   the  situa\tiOn.      In  psychological" 
terms,   you  will  be  helpi^ng  the\cliild^o  create  a  meaningful 
entity,   a  gest'alt,    from  th^^  obs6r,yations  he  or  she  makes  dur-. 
ipg  each  Ac/iyity.   '  ,To   the  ^'xte"htl  that   the   child  contributes 
to   this   cr^at'ion^*  by   f inding  nfecessar-y  data  or  by  evolving  an 
explanatory   idea^  the   gestalt  becomes  his  or  her  concept' to 
Label,    to  Aeikember,    arid  .tp- use   in. further  explorations. 

In  a  COPES  Activity,    there   are  objects   and   ideas   aboiit'the  ob- 
jects.     Both  i^j^cts"  an4  ideas'  mayv  be   arrangeci  in  various  ways. 
You  a-nd  the  chil;d  may,eva\uate   the   implications  of  different 
arrangements  wi  tlj  -regard -4ip.  how  complert^  each  appears   to  be* 
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The   children's   interest   in. explaining   their  observations  of 
different  arrangements  can  be  used  to   encourage   them  to  arrange 
their  knowledge   systematically  and  to   search   for  information 
.that  appears   to  be  lacking. 

The   Activities  presented   in  each  Minisequence   are   examples  of 
how  specific  parts  of  the   environment   can  be   arranged.  The 
Activities   lead   the   children   to  develop  new  concepts   in  order 
to   explain  what   they  observe.      In   the  overall  COPES  program, 
the   concepts  evolving   from  tlje  Minisequences   at  successive 
grade   levels   are  gradually  blended   into  more  widely  applicable 
•concepts:      That   collection  of  concepts,.in   turn,    is  part  of 
what  i.s   called   "Science."  >' 

To   be   successful   in   teaching   science,    it  is  de-sirable   to  help 
children  de'velop  the  point  of  view  that   science   is   a  coopera- 
tive venture.      You   should   attempt   to  use  whatever  techniques 
seem  appropriate   to  get   children  directly   involved   and  working 
together  in  planning  each  Activity;    in   a'ssenjbling  materials 
and  equipment,    in 'Sollecting ,    oi^ganizing,    and  interpreting 
datra,,and,    finally,    in  arriving  at  whatever  conclusions  appear 
to   be  reasonable.  .  '*  .  ' 

To   assist   the   children   in  performing   these   tasks.  Worksheets 
are   included  whenever  appropriate.     These  must  be  duplicated 
in   sufficient   quantities    for   each   child   to  have  his  or^ her 
own.     Worksheets   are   used   in   recording  data  andvin  applying*^ 
the   mathematical'  skills   required   to   interpret   the   dat'a.  Through 
experience,    the   children   should   see  .that  putting  information 
on  paper  makes   it   unnecessary   forr   them  to  remember  numbers   when  • 
they  want   to  compare   one   r^esult  with   another   and   that  the 
systematic   arrangement  of  -data  makes   explaining   the  results 
easier^.      In   short,    the  ^orks hee t s  provide  a  place   to  sto^e 
information   and   facilitate   its  interpretation. 

Worksheets   are'  bound   into   the  .Guide  at   the  places  where*  they 
are   to   be   used.      I.n   this  condition  they  cannot   be  easily 
reproduced .      Therefore  a   separate   section  containing  duplicate 
copies   of   aLl  Worksheets   is   included   at   the   end  t)f   the  Guide. 
These 'Single   copies   are   to  be   torn  out   al*png  the   bindung  6f 
the   Guide,    as  needed,   and  used  £or  reproducLng  multiple  copies 
for-th'e   children^      Thus   it  is   essential   that'you  have  facilities 
for   reproducing,  copies  of  these  materials. 

The  materials   used  by  the   children,    for   the  m6st'part,  are 
familiar..     Some  equipment,    such  a  s  .  t  e  s  t .  t  ube  s  ,    magnifiers,  and 
thermometers,   may^be-ney  to   them.      If   so,    allow   the  children 
time  to  play  with  such  items   before   th^y  begin   to  use  them. 
If  -this   i§   not  done,    their  attention  will  be  divided  between 
their  desire         explore   the  new  equipment  and  becomi"rhg  involved 
in   using  lit  in   the  Activity.      You  will   notice   that>  theV  mate- 
rials andl  equipment   to  be   used  by   the   children   in   af*  pa r  t  icular 
Activity  a^re   not   simply  handed  out  at   the  begj.nning.  Instead 
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they  are  distributed  when  the  children  perc'eive  a  need   for  them, 
often   a*s   a   resnx-lt  df  discussions  where  problems  or  questions 
are  raise^d  requiring  the  'equipment   to   investigate   them.  *  . 

From  time         time,    materials   and  equipment  with  whi.ch   the  chi-1- 
dreii  h*av6  been   worKjLng  may  be  left   in  a  place  where   t1viy*"'can  ' 
continue   to  work*with  them  during,  their  free   time.     This  oppdr- 
tunity.  helps  not  only   to  s^ustain*  interest  but   to  reinforce 
ski  11  s^^  wherever  additional   practice  would  be   useful.  Finally, 
it   is  desirable   to  use   materials   at  home   and  out-of-doors  when- 
ever possible.      Children   should  /lot  have   their  conception  of 
science   restricted   to  what  happens  during   the   "science  period" 
in   the  classroom. 


In  order  to  get   as  many   children  as  possible  directly  involved* 
^in  each  Activity,    it  .is    suggested  that   they  work  ir\'dividually 
where   distribution  of  .materials   and  'supervision   are  not  t-oo  ^ 
di'f  f«icul  t  •«  ,   In   those  Activities  where   1;e  amw.^«^cis   not  o^ly 
feasible  but*  desirable,    it   is   suggested  ^  that   th?^  work   in  sirtall 
groups   of   two   to   five   children.      In  only  very   few  Acti  vit.ies  , , 
,  wh.ere   the   techniques   are   too  difficult  and/ox  pos  s  ibly  ^dan  ge  r- 
^,ous  for  the  children   to  manage.   Will   tfie.  teacher  demons£ratie . 

Suggestions   are   given  for  initiatin-g  each  Activity.      This  is 
gentfralLy'  done   by   suggesting  ways   in  which   the   new  Activity 
builds   upon   the   previous  one{s).      Regardless  of  Tiow   it   is*  done, 
children  should  be   helped  to  'recognize   the   reason.s  -for  getting 
involved.'   You   should  not  feel   cons.tr.ained   to   limit  your  ap- 
proaches to  -those   sugge  s ted--you  kncTW  the   children   and  the 
kinds   of  approaches   that  will  have   the  greatest  a'ppeal  to'^them. 


PREPARATION    OF   MATERIALS    AND  EQUIPMENT 


The  teacher   holds   th*e  key  to   the  -success  of  'any  scienjce  program, 
and  COPES   is  no   exception  in   this   reg^f^.      If   anything^/  the 
teacher  must  assume   a  more  critical   role   than   in  many  elementary 
science  programs.      There   are   no   textbooks   for   the   children.  *A11 
learning  Aptivities   must  be   teacher-initiated   and  .  judidiouifely 
directed.'  '  I 


From  a   child's   point  of   view,   COPES   is   essentially   a  "do-it- 
yourself"    science • program;      This  mean^  that   the.  materials  and 
equipment  must  pe  availat>le,   or   there  will   be  .no  sciencTe  learn- 
ing.     If  thare    is  more   than  ^ne   teacher   for  each  grade   i^n,  your 
school/   the   task  of  collecting  materials   can  be   shared.  This 
will  considerably  reduce   the  preparatioh   time   required   by  any 
one  of  you.     Children  and> pAraprof essionals  may  also  ^assist  you 
in   bringing   the   materials   together.      (Whenever   some  advance 
preparation  must  be   made,    it   is   detailed   for, the   teacher,)     '  * 
Getting  organized   for  science.,  teach^g  takes   time;   however,  it 
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.is  one   of   the   imperatives  , of  effective   teaching   in'  COPES 


One  of   the   advantages  of  COPES   is  that   it   is  not  , necessary  to 
^ob'tain   qoinplidated--and  expensive-- labor atory  kits   in  ordy  to 
'    "teach  the  progfram.     As  you  will  observe    frcJm  an   examinat  ion-v  of 
'  the   li  s  ts,.^^.4fTr  the  Ac  t  ivi  ties  ,   sfnd  the   cuitiula't  i ve  ^  Ls  t  ing  at  the 

^nd  of   this  Guide,    the   materials  and  equipment  ra^quiVed  .are^ 
Relatively   simple  and,    for  ,th^  most  part,   are   readily  available 
locally.      Some  ,of  the  equipment,    such  as   children'^s   scissors,  . 
ma^y^alfeady  be*  available  in   your   schoo/L;   a^^ew  items  may  h^ve 
to  -De'  ordered  from  one  of .  the  scientific   s^ipply  •  companie  s  . 
Jnsofar  as   possible,    the   s>me  materials  '  and   equipnvent  are  used 
-a?e,peatedly   throxfghout  each  Guide  aad,  from  grade   to  grade  •  This 
is  done   to   reduce   the  need   fo^  a  wide  variety  of.  materials  aji^d 
equipment-      For^  convenience     the  quantity  of   items\  indicated  In 
the   list  with  each  Activity   is  teased  on  .the   assumption  *that  / 
there   ai^e   30  students   in  the  clasg*      You  will  need  to'obtaiS/- 
only  enough   for   the'  actual   number  of  children,  in   your  group. 
Q'uan  ti  tat  i  v^e  specifications  of  materials   are   give-n  in  both  the 
-Engli'Sh  and  Metric   systems.    'However  the   Metric   systrem  is  used 
with  the  children  throuNghout   the  COPES   curriculum,  whenever 
mea sur,emen t s  are  made.  ,  \        *  » 


TEACHLifG  .TIME 


The  .recommended  number  of  hoursSfhat   the   children  will  need  to 
complete   tjie  work. is  given   for  each  Acti.vity.     T*he  time   to  be 
^allocated   is   given   in  hours,    rather   than   class   sessions,  be- 
cause  the   duration  of  th^  latter  -varies    so  much  from  school  to 
school,    and  even   f-rom  class   to  class\      It  is  .usually  reporte^d 
as  a  'range   of,  hours   rather   than   a  specific  number.     You  may  Mnd  *  " 

tha\  some  Activities   will  be  completed  in  less   time   thkn-  re^m- 
mended ,  ^whereas  others  ma^   take  Ipnge'r.*,*  Avoid  rushing  the  chil- 
dren;  on^the  other  hand,   avoid  exteniiing  work  beyond^  the  time' 
that  is   obviously  suitable.      You  must  be   the   judge  regarding  * 
the  optimum  time   to   allocate   for.  each  Activity.  / 

.  \  \  ^ 

Most  Activities  take  between  half  an  hour  and  two  liours  'The' 
children's   atteation   span  must  be   taken   into  account   in  deter- 
bining   how  .the   longer  Activities  will  be   j^roken  up/     logical    ,  - 
breaking  pointts  are   at   the  end  of  the  numbered  Sections  in  the 
TEACHI-NO  ST:QUENCE  '  for  each  Activity.  ,      '    "  . 


.  PRODUCTIVE   DISCUSSIONS  t 

Discussions  o/  chil^dren  *  s  observ:at ions  are  frefquently  used  in  ' 
leading   them  to   t>e   idea^  or^concept   for   which   the  ob sei:\^ati.ons 
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were  planned.      However,   as  you  know,   the  best-intentionld  dis^rus- 
sioRs   do  not  alwaysHiurn  6ut  as'planned^     When  this  hapffens, 
teachers   often   resort  to  aslcing  clue  questions   to  help  children  ' 
q-uess    the   t^ac  her-- de  s  i  red\e  spon  se  ,     -Such.a  t4chnique,  £orn  out 


of 


que  ss  m  q 


amorvq  the 


desperation,   usually  results   in   a     riaT.-and-e  r  ror 
qame   rather  than  in  an   intelfectual  ^xperifence. 

In   order  to  initiate  and  sustain  effective  discussions^ 
children,    it  is   necessary   to   a'sk  prodfuc^i  ve  "^q.ues  t  ions/  ^  Such 
questions    stiniplate   the   intellectual  processes  o/  chi\dreif  and 
assist  them  in   using  t-heir  observations .  to  krri.\^t^  at   the  con- 
ceptual, qo^ls .      In   i;he    TEACHING  SEQUENCE,   qhiestions   are  suq- 
qested  that  may  help  you  direct  di  s  cusslons  ytoward  these  ei>ds.- 
The  children  should  be   qiven   adequate   time '^o   hanSle  "the  ques- 
tions.     There   is  often   as   much*  silent^^m'e   in   an  effective 
cussion^as   there  is   talkinq  tifne,  ^ 
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REVIEW   AND    REUSE   OF   SKILLS   AND  /CONCEPTS 


I\  cannot  be  assumed  that  a  concept  -or^  a  skrll   is-  learned  the 
first    tirfe    it.  is  introduce^.      For  ins|fan&e,   t>e   concept  of 
magrietic^  force   as  the  push"  or  puii-^f  one  maqne t  . on  ,ano the r  is 
one   that   is   learned  by   repeated  observation  of  the  iJe'haviof  of 
maqnets  in   a  nuijiber  of  differer^t  situations!.      ^kill  ijx  usinq  a 
thermometer  comes   after  repeated  VJexperiences   inr  us^in.g  thermom- 
eters   to  measure  the  temperature  of  a  variety  of   substances . 
Concepts   such   as  properties,   and  skills   such   as  classifyinq, 
are  intv^oduced   in  the  kindexqarten   teaching  ma t^ rials   and  re-- 
introduced'  in  pract  i  cal  ly/^e  ve  ry  subse*quent  qrade  level,, 
out  the  COPES  ^proqram  there   is   constant  reView  anc^  reu^e 
po  r  tan  t .  sk  i  lis"*  and  concept^s,  '       '      •      \  . 
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The  Grade  6j^ssessments 


Thd  'primary-^ the me^  of  the  COPES  curriculum^  is   th-at  experiei\ce 
wil^h  thife  i^eas   underlying  common '  phenarmen a  can  lead  "the   child  ^ 
to   can^eptuali^e  the   fundamental   a'^nd  pervasive  schemes  of  modern 
science.      Throughout   the  Ac  t  i  vi  t  ies  ,    emphas  i^   i-s   placed  on  con- 
cepts and*  relartion|hip9'  rather   than  .on  specific  phenomena,  or 
••-facts/"   and'so   it   is  ^i  n   the   '^s  s  $  s^me  nt  s  ,   which   are  available 
ia  a  separatee  *Gra-de   6  Assessment   Bpo^klet,  .  The  Assessments  have 
b^en  prepared^  at^  two   levels:^   Screening  Assessments  desigtied 
for   group  administration   to   ascertain  which   children   have  at-^ 
tained  ra'astery   of  a   given  concept;    and^Individuhl  A^sessmej^it's , 
designed   for  administ^ration/ to   a   single    child  or   small  group. 
In   the    Booklet)    Screenijrg  A^-ses  smen  t  s   are  pre^nted   for  each* 
Minisequence  while   the   Individual  Assessmeirt^^re   included  in 
the   Scbring  Guide   section.      The    Individual  Assessmen'ts  have 
been  constructed  to   h^lp   the   teacher    focus   instruction  on  those 
areas   in  which    ch  i  Idren.  need   additi(;)nal  help." 

\   ■  ■     .       - '    •    ■  ■ 

.  'USING  THE   ASSESSMENT   RESULTS  " 

it   is  our  rntent  that  the  Assessm&nts  jiot  be   used  to  differei/- 
tiate  one   child   from  another,   e*g.,-as   a   basis   for  "grading, 
Two-major  uses   o^  the  Assessment   respo-n'Ses   are-  intended:  First, 
the   teacher  may  jgs e   quantification  of  the   resp or^ es   as  evidence 
for   a  decision   regarding   the   ma»stery   of   cone e^^Ts.^ty   the   group  > 
as   a  whole.     Jhe   teacher  must  be   the   major  decsis  ion-make  r  in 
this   context.**     Second,    the   Assessments   should  be   used  as  co,m- 
ponents*  in   the    essential   feedback  you  prpvide   the^^hild.  as  he 
or  s-he   strives    for  mastery  of  the  concejjts.  1|h^ 
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^Minis'equbnGe  I  ^ 
Interactions  of  Living  Things  with  the  Ehvifonment 

Living  things-  interact  in  .many  ways  Vfith  other  living  things   an<J  ^ 
with  th6  non-living,   physxcal  component^  of  their  environments 

In  a^  st>ecific  population  of  i^iving*  things ,   individuals  interact 
with  ot>ier   individuals   and  with   th^'popylation  as  a  wh,dle/  fn 
'a  wider  coi?«nunity  of  ^.ivin^   things,   one  population  interacts 
with   another  population  and  with  the   cqmmunity  as  a  whole.   ^  In  ^ 
turn,  'oiEV^  community  of  living  things  may  interact  with  another^ 
community  as  well  as  with  the* larger,   more  complex  global 
community/    The  various   levels  at  which  diving  things  interact 
with  other   living  things   are  determined  by*  the  parts   and  wholes 
which  they  are  composed. 

The  interaction  of  living  things  with  the  physical  .components 
o-f  their  environitren  t  are  inher'ent  within  life*  processes .  ,  Liv-  ,  " 
ing  things  mjist  interaqt  with  air,   water,   and  other   forms  of 
matter  in  orde'r  to   sustain  and  propagate   themselves.  Green 
plants,   the  ultimate  food  producers   fot  alL- living  things, 
interact  with   light  energy   in  order   to  obtain'  the   energy  to' 
carry   on  food-synthesizing  processes.  ' 

At  any  one   time  ilving   things  are  interacting  with  more  tKan 
,one  component  of ^their  physical   environment.     For  exam|M^,Aa 
green  ^lant  not  only  interacts^  with   light  but^imijil taneously 
\5^ith  water,   heat  energy,    air,   and/ di  f  f  er  ent  k'^ds  of  matter  in 
the  substrate  within  which   it  is  growing.     in  .fact  it  is  diffi-^ 
cult  to  Isolate  any  one  part  pf   the   total  environment  ^  a  liv-'  - 
.    ing  thing  to  study  its  effect  upon  the  development  of  t^at  liv-- 
ing  thing.     However,   through  controlled  experimentation,  much 
has  been  1  earned  "about  th^   effect  of  s^jepific  coisuponents   of  the 
physical  environment  and  how  each  may  beccjpje  a  limiting  facto'r 
in  the   development  of  1 ivlng ^things .  *  '         X        ,  ^ 

,When  it  is   stated  that  living  things   interaVt  with  their,  envi-  \ 
ronment,   it  is   implied  thatt   the   environment  acts^upon  them  and 
they,    in  turn,    act  upon   the   environment.      In  other  words  bo^th 
^  ^      they  and  the  environment  a/e  changed  as   a  result  of  the  interr 
.  action.     For  example,   most  living  things  must  have^ free  oxygen 
'  to  carry  on  essential  life  processes.     They,  obtain  -the  oxygen 
from  air  or  water.     As   oxygen  i«s   used  by   living  things,    they,  in 
turn,    give   off  carbon  dioxide  to   the   air   or   th^  water  surround- 
•    ing  them.  ^  Thus   the  .  envi ronjnen^  *is  changed  by  the   removal   of  " 
^some  of  the  oxygen  and  the  production  of  more  car-bon  dioxide. 
*!£  this  process  were  to   continue,   it  would  ngt  be   l<^g  before 
there  would'  be   insufficient   free  oxygen  to  sustain  life.  How- 
ever;   another  inteUacti^  is   taking  place  at   the  same   time  which 


ERIC      /.  '24 


15 


^       >  ~      i       '  • 

prevents  such       catas trpphe .     In  certain  phases  of  the  food- 
making  processes,   green  ^lantaf',  take,  up   carb'on  dioxide*  and  use 
it  to  make  compound^"  called  carbohydrates.  '  In   this  process  oxy-^ 
N         gen  is  gi<ren  off  as   a  by-feroduct.    ^Unless   other  conditions,  such 
as   fuel-burning^ p^pce sses.a  increase  excessively  the  concentra- 
tio'n  of  carton  dioxide   in  the   atmosphere,   the  interaction  6f 
green  p^lantsx  with  the^  environment  maintains-  a  balance  -between 
fr^e  oxygen^and  carbon  di*oxide   that  , is   oE)timal   far<  living^thirpgs 

*  '    \^        •  -  -  *  ' 

The  nitro'gen -cycle  ♦is   another  ej|j;ample  ouf  ^  reciprocal  relation-, 

•ship  between  *living(  thing?  and  their  environment,.  Nitrogen  jLs 
neede^to  build  lif e'-?us.'tainiji.g  .subs taaces  called  proteins.. 
Ultimately  living  things  obtain  nitrogen   from. green  plants-  that, 
in  turn,   have  obtained  it   from*  compounds  in  the  soil  or 'water 
'  cabled  nitr^^s."    If  the  pJ^cess  of  fii trogen-use   con tinued  in 
.  .on^  direction  ^only,   i.e^   from  s.oil.to  living  'things,  eventually 
f        .  th-e  nitrogen  supply. in   soil  and  wa.ter  vjould  become   too  l-ow  to 

sustain  1 i f e  . '  *  Howeve r  /   again  this   does  not  happen  because  waste 
materials   containing  nitrogen  compowids  are  given  off  living 
things.     Furthermore when   the^'^die,   the  jiitrogen  compounds  in 
their  bodies-aice   returned   to  soil  or  water.     In  »soil   and  water 
the   nitrogen  compounds   again  become  available  to  plants   for  re- 
cycling through  other  li;vinq  things. 

^  In  numerous   cycles  of   interaction  such   as   those- just  described, 
living  tilings  obtain^  life-sustaining  mate2;'ia'ls   from  their' en- 
vironment,    flowever,    after   the   materials  are  used  they  are 
eventually  'returned  to   the   enviroi^ment  where  they   ar^  again 
^  made  availadbe   for  recycling.  *  , 

•  This  Mini sequencd^has   been  prepared  to   giitft.  children  classroom 
►         experiences  wi  th  ^^^v^eracjfidns  ^such  as   those   referred  to  above 
-^nd^  to  suggest  a  variety%of  out-of-door  p.nves ti^gations  as  ex- 
tended examples  of  teirfem.     It  is   introduced  with  an  investiga- 
^tion   of  soil  in  Activity  1.'     The.  investigation  includes  con- 
sideration of  the*  interaction  processes   by  which  soil  is. 
^     formed,   the   complexity   and' variability  of  its  composition, 

one  of  the  ways   it  interacts  with  water,   and   the tcomparat i ve'  . 
plant-growth-producing  qualJLties  of ^  two  different  types,  of 
soils.      In  the  ne'xt  two  Activp.ties   it  is  demonstrate^  that  one  ^ 
way  in  which  plants"  and  ^animals,  change   their  environn^nt  is  to 
release  carbon  dioxide   into  it.     However^green  plantla,  during 
their   food-making  periods,    remove  some  or   the   carbon  HS-oxide  ' 
and  replace  it -with  oxy-gen.      It  is   then   shown   that  plants  also 
change  their  environment  by  adding  water  vapor  to  it.  However,^ 
such  changes,-  in  turn,    have   an -Effect  upon  plants.  Finally,' 
samples  of*  woodland  litter   are   examined   for 'evidence   of  inter-, 
actions  between  a  population  of  small  animals  and  other  compo- 
nents  of  tfhe   litter  environment. 

,      .      •    ■     ■  ^,  •  --v 

In  ^phenomena  ^s  complex,  as   the   interactions  ^of  living  things 
with  their  environment .   all   five  conceptual  , schemes  apply.  How- 
ever,   The  ^tructural^  Un^s  of  the  Universe,   and  Inter  action' and 
Change  are'*basic,   and   the^e  fore  'more  readily  demonstrated.    ^  '  . 
©       16  •  i         .  :        ^  ' 
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Th^  concepts  being  developed  m   this  Mmisequence  are:'  *  ^ 

1.  Soil   is^-forme<i  by. the    interaction  of   rocks  wi  th  '  bo  t  h  .  1  i  v  i  ng.^ 
and  nonlivm^g  components  of   the  <envi ronmen t  .    '  * 

2.  As  a   consequence  of   their   90inposi  tion ,    topsoil'and  subsoil' 
.  exhLbit^  dif  ferent   interaction  properties  ,  wi  th'.watex  and 

growing  pla,nts.^,  ~         ,  ^ 

-  T'  »     ■    '  •  ^  -  ^ 

3.  0,ne  way   m  wh  i  ch  or  gan  i  sms   may   int.eract  ♦wi'th   thier  envirbn- 
>  '  ^ment   is   to   releas^/  ca^rbon   diox^ci^,^^;*  ^  .       .  ' 

/  •  v.  •       .      '^'^^^    ""^^  /    \       .     ^  ^ 

4.  -There   are   a'-number  of   factors   that'-affect   the   rate  at  which 
plants   release*  water  4Ca.^j^r    to   their  environment. 


:  t    t  oVaJi^^  < 


Living   things    react^  to  ^fiiitfnges    in   their   en-vi  rpnraent  . 


0  , 
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Activity.  1      Interactions  Between  Plants  and  Soil 


Living  things   u  1 1  ima  t^l-y  -  depe  nd  upoA  greeA  plants   f  or  JOf  e-s  us- 
taming   food.'    Greejx^.^plants  ,    in  turn,    are  •  dependen  t  uJcR^a-water 
enviro;iment   or   a   soil   environme'nt    for   many^of'the   raw  materials 
needed  to  maintain   themselves   and   their   food-making  p^ptcesses, 
^  Because   of   the   great    abundance   of   green  plants   in  ocear^^water 
•    and  the    large    amount   of   the   earth's   surface  which  oceans'  cover 
great'  guantities   of   food   are   available   in   the   ocean,  HoweVc. 
people  have   not  yet  begun   to. use    the   ocean,    as    they' have  the 
land,    to  supply   themselves  with   food.      We    are   presently  highly 
dependent   upon  -the'  soil   for  many   of  the   e  s  sen  t  i  al "  ma  te  r  i  a  Is  that 
go  into  the   production  of. our    food.      Soil  is   an^extremely  com- 
plicated system  with    a  number   of   interacting  components,^ 

The   idea  that   soil  j:^   not.  a  single   substance,   but  made   up  of 
many  parts   of  different  sizes;    shapes,    and  kinds  was  introduced 
in  Grade    3,    Minisequen^    1,    Activity   2.      In   the   present  Activity* 
the   understanding   of   soil   is   extendec^.to   include   the   idea  that 
there   are  different   types   of  soils,   as   determined  by  where  they 
are   founS  and   the   properties  which   they  exhibit.      In  addition, 
soil  varies    in   its   growth-producing  potential. 

MATEJ^'IALS   AND   EQUIPMENT:  •    ,  .  .  ' 

16     ooffee   cans,    1  pound  size,   with  plastic  covers 

8    ^quarts    (liters)    of  topsoil^^ 

8  •   quarts'  (liters)    of  subsoil   •  '  V 

'   *         1     potfed  plant,    s^uch   as    a  ge r an i-um 

1-8*'   balances  ,*e  -  g  -  ,   Ohaus   Student   Balance  Model  No-  1200, 
Cone   for  each   gro up  would  be  'desirable)  ' 

1-8     sprinkler  bulbs ,    such   as   those   used  in    sprinkling  clothes 

1     pkg   corn   seeds,    1-oz  '  *  ^ 

3     thermometers      -20  °C   to   SO^'C  ^      .  .  ' 


supply   of  paper  towels  •    '  .  . 

i  ^   ■       ,    ■  '  :  '  ■   •  *  \ 

Fora«ach  gifoup   of   4   children:  '  • 

^1     sheet  of ^ newspaper ,   at  least  2  pages 


MINISEQUENCE  I/Activity  1. 


3     cups,  polyfoam,    a-oz  (2.40-ml) 


1 
4 
1 

1 
1 
8 
1 

2 
1 


cup,  plastic  or  -waxed  paper,  1-oz  (30-inl),  unit  measure 
Ttiagnif y  ing 'gla.sses  ,  , 

A 

Sf:reen,    18-in.,  mesh,    6-in,   by  6-in/    (15  cm  by   15  cm), 
obtainable   from  hardware  stores 

i 

scxe^n,    10-*in.,  mesh,    6-in,   by  6-in,    (15  cm  by   15  cm) 
screen,    4-ih.   mesh,    6-in,   b'y  6-in.    (15  cm  by   15  cm) 
sheets  of  plain^  white  paper 

tall,   narrow,    glass   jar  or  bottle,;  with   lid,  for^ 
instance, anolive "jar  ) 

aluminum  pans,    4-in.    (lO^cm)    in  diameter 
pair  of  scissors 


Worksheet  I-l 


PREPAR^ION  'FOIi  TEACHING: 

Most  soils   are  producedx^f rom  rocky  matSrialsl  at  the  surface  of. 
the  earth.  ^  Exposed  rocks   a.r  e  ^  con  tinually ,   but  slowly,   being  ^ 
bi-oken  up  by  wind,    rain,   heat,   and  crus  tlike  plan  ts  that'grow. 
upon  them.      As   rocks  are  slowly  crumbled  into^^tt^silker  particles, 
other'  kinds   of  ^plants   can  grow  in^  the   developing  sjpil.      Eventu-  * 
ally  many  kinds   of  animals   find'this   material   a  suitable  place 
to   live  also.     When   the^e  plants   and  animals^,  die ,    their  remains 
become   mixed  with'  th^^  rocky  material.      In   this  waV  /   organic  . 
ma^teirial  is   added  to  the   deve loping  ^ oi  1 .    ^  As    the  process  goes 
bn   over,  thousands  of  years,  the 


tB  r  ti  le-. 


It  is   called   topsoi 1 . 


Topsoil 


Subsoil 


uppermost  soil  becomes   the  most 


By.  the  processes  de- 
scribed above, 'it  takes 
about   1000'  years   to  pro- 
duce ^one   inch  of  good 
I  topsoil.  "^.As^  shown   in  the 
diagram,    the   layer  of 
•soil  b  e  n  e  a  t  htjue'  t  gp  s  o  i  1 
is   called  'g^Jso'ii.  Sub- 
soil  is  yoijnger  and^  le^ 
fertile  ^than  topsoil^ 
About   the   only  pla.ce 
where   original   topso'i  1 
can  be   found  today   is  or\ 
land   that -  has 'not  been 
dis.turbe^d  -by 
such  as 


markedly 
natural  forces 


MINISEQUENCE  -I/Ac^iVity  1 


earthquakes,  flood^,  and  glaciers'  or-  by  human  activities  such  " 
,  as»  f  armi  ng ,    mini'lig,    and  different  kinds  Qf  construction-. 

In    this-  Activity   the  properties  of  topsoil  aiid  subsoil  are  to 
be   compared.      It   is   therefore   necessary  *that  samples  of  each  of 
the   two   ty^es  pf  soil  be  obtained.     The  best  plsaces^to   find  them 
are  where   a   dee^hole  has  recently  jieen  dug  into\^he  earth  to 
construct'  the   fo'"undation   for  a  building  or  places  v^here  wide 
cut's  in  hills  ha.ve   recently  been  dug   for,  a   new  highway.  Along 
the  banks  of  such  placed   it   is  us ual ly ' pos s ib le   to   locate  the 
differ'ent  layers   of   soil   shown  in  t^e-  diagram. 

-  '  '0 — *■  ' 

After  locating  such  \a  'place,  -obtain  permission,   if  hecessary,  to 
remov'e   some   of   the   soil   from  each   layer.      At  a   time  when  the 
soil  is   relatively  moist   from  recent   rains,    take  a  group  of  at 
least   four   children   to  the   location.      It  ^ould  be  preferable  * £o 
*take  all   the   children,   with  eadh   group  of   f our , col le c t i ng  a 
sample   of  topsoil  and  subsoil.      Have  *the   children  remove  eight 
samples   of   topsoil  and  eight   samples   of  subso^il   from  correspond- 
ing layers.     Each  sample   should  include  at   least  one  quart  of 
soil.      All   samples   should  be  put   into   coffee   cans  and  labeled 
as   either   topsoil  or   subsoil.     The   label  should  also  carry  the 
location^  from  which   it  was  obtained.  ^ 

'Ask  several  children  tp,  help  you  turn  up  the  edges  on  al*  of  the 
screen^   to  prevept  the  soil   from  falling  off  while  sieving. 


4 


Arrange    the   Materials  and  Equipment   at   convenient  pick-up* 
stations   ijn   the   rooiti's^o   that   the   children   tan   help  themselves 


You  may   want   to  plant  several  corn-se 
beginning  this  A'ctivity.      (See  Commentary 


ieds  rb 
itary  'mi 


a'  pot  of  s^oil  before 
P-   27.  *  '  ' 


'•ALLOCATION    OF  TIME: 


This  Activity  will  take  about  4   hours   of. class   time;  however, 
the    corn-growing   experiment   in  Part   C  will   take  at   least  3 
weeks  of  per  iodi  c.  observation   and   record  Jieeping. 
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t 


PART  A 


TEACHING  SE^ENCE 


1,      Introduce  this  ^Activity 
with  a  discussion  of  soils 
based  upon   the  following 
questions : 


•  From  what  do  most 
originate? 


\ 

How 


soils 


woul^i  you   expect  tops'oil 
and  sub/soil  to^  be  -alike? 


How  would  you  expect  topsoil 
and  subsoil   to  be  crifferent?\ 


^Divide   the   class   into  groups 
of  4.     Give   each  group  a'  full 
double-page   sheet  of  newspaper 
and  ask   them'  to   spread  it  over 
tvh.eir  work  area.     Ha*ve  each 
^rpu^  obtain ->thev  following 
materials  :  '    '  f 


8-^oz  f^olyfoam  cup 
l-.bz  cup 

magnifying  glass  fctr 
each   child  * 


•COMMENTARY 


J.r\   thi.s   Part  ,of   the  Activity 
^children  will  compare  their 
samples   of  topsoil  and  subsoil 
-with  respect  to :      components ,  . 
as   they   can  be' determined  visu- 
ally,  and  relative  amounts  of 
.particles  of  different  sizes, 
{as   determined  by  sieving  and 
sedimentation. 

J'he   children  should  lDe  encour- 
aged  to  u^^   the  observation^ 
niade   and.  conversations  held 
•tduring   theii?^  sample-collec^ting 
tr.ip  a&  background  for  this 
dis  cuss  ioQ . 

Rocky  material. 


Both  are  made  of  particles  pf 
rocky  ma terials--crumbly  .mix- 
ture ,   brown   in  color. 


The  children 
subsoil  will 
particle  s ,  s 
Because    it  h 
mate  rial  in' 
*probabJ.y .  be 
However ,  the 
realize  that 
organic  mate 
them  freely 
diff-erences 


Groups  of  4 
Activity 


etc 


may  suggest  that 
have  more  large 
uch  as   large  rock?, 
as  more  yorganic 
it/    t6pspil>  would 
a  different  c^olori 
children  ma^  not 
topsoil  has*tift6're 
rial   in   it,  -to^ 
suggest  possible 


well  in  this 
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te'aching  sequence 


1     set  of   3  screens 

1      corftainer   of  topsoil 

1     container  of  subsoil 

/ 

Ask   ^he   children   to.  base  all 
of   their  ob ser vat  ion s '  upon  a 
one-.c«p    {8-oz)    sample  of  each 
'.soil.      Suggest   that   they  keep 
this   in   mind  when   taking^ soil 

^to   use.     They  should   try  not 

'to  waste  it. 

*       'Pour  a   one- cup   sample  of  each 
type  of   soil  onto  the  sheet 
of  \newspape r . 


Are  the  two  types  o.f  soil 
the  same  color? 


Ask  the  children  to  put  tlieir 
.noses  directly  over 'each  sa^m- 
ple    and   sniff  it. 

•  How  do  their   odors  differ? 


'Suggest   that^they  examine  their 
soil   sample*  for*  organic  mate- 
rial. ,  ^  , 

What   are   organic  materials?  . 


Ask   them  to   spread  out  each' 
sample  of  soil  and  pick  out  the 
organic  material   from  each 


COMMENTARY 


T^he  'remaining   soil  iny^each 
origin.al   sample  is   to  be  'us*ed 
in   subsequent  parts   of  this 
Activity . 


The   two   samples   should  b^  Ar- 
ranged on   the   newspaper   so^  t*^at 
th,ey  are   clearly  separated  from 
each  othe  r .  •  • 

No,    the'  topsoil   should  be  darker 
in   color.      The   soil  will  vary 
from   light  yeJLlp-w  to  dark  brown', 
but  regardless,   the   topsoil  and 
subsoil  will   differ   in  color. 
This   is  -accounted   for  by  the 
presence   of  moire  de'compos ed 
plant  and  animal  material   in  * 
the   topsoil.^  »  ' 

.  y 


The   topsoil   should  have  more 
the   odor   of  decomposed  or^ganic 
material--an   "earthy"  smell* 


Organic  materi'^a-l   includes  both 
plant^ and   animal  material, 
whether'  living  or  dead.  plant 
mater  ial   may   consist  of  pieces 
of  roots ,    ^tems ,   and   Leaves . 
Animal.s  m^y   consist  of  insects, 
worms,    spiders,  unites,  and 
ticks . 

On'e-half  of  each  group  should 
work  on  the   tdpsdil   and  the 
other   ha If  on   the  subsoil* 
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(TEA-C^ING 
'  -Hi' 


SEQUENCE 


A 


ERIC 


separately,     Ei)cpurage   them  to  ■ 
use  'their  magnifying  glasses 
to  locate   small  bitig  of   it  and 
th'en  compare^  tl^e  amount'  aAd  A 
variety  of  organic   mayterial   in  ' 
the  two  samplers. 

After  they  have  picked  out  the 
organic  material,   remind<  the^ 
children  that  each  g'roup'was' 
examining  a   sample'  (l*cup) 
from  a   sample^  (1  quart)  of 
soil   taken   from  a  large  area. 
Therefore,    it  would,  be  quite 
*  proper   for   all  of  the  groups 
to   (pgmbine   their  coLlections. 
of  organic   material   from  top- 
spiL^^and  combipe  their  collec-. 
tions   oT  brgaixic  material  from 
€he  subsoil   in  order   to  compare 
the  total  amount  of  organic 
mater^l'from  as  maoj  cups  of 
e"^ch*soil  as  were  examined  j 

iHave   them  combine  the  organic 

'material  found  in  each'  type  of 

soil^and  estimate  its  volume 

by   using  the   1-oz  unit  n\4asyre 
cup ,         .  ^ 


*  Now  h^ave   them  compare   the  ' 

amount  of  prganic  materjLal  in 
'  topsoil  wit^h  that  in  sabtSoilV 

2.      Next,    have   the   children  ' 
compare   the   si^ze  of  particles 
in   the   remainder  of  each  of 
theit   samples  of  soil,-.  First 
call   their  a.ttention  to  the 
three   screens  and  have  them 
note  how 4the  meshes   of  the 
screens  are  different. 


•  How  could  you  use  the 

screens  to  'compare   the  sizes 
of  .particles   in  the  two 
type.5  of  soil? 


cO'MM|:ntary 


It   is   suggested   that   this  be 
done   in  order  to  e'mphasize  the* 
/:oncept   that   samples   are  parts 
of   the   t^tal'  population  and 
that   the   larger   the  .sample,  the 
more   sure  one  can  be  that 
is   representative  of   the   total  \ 
populat  ion , 


The  amount  of  organic  material 
from  each  one-cup  sample  will 
be   relatively  small.      However , 

putting  dt  together,   it  will 
be  possible   to  make  a  reason-  ^ 
able   estimate  of   its  amount. 

They  should   find   somewhat  more 
organic  material   in  topsoil. 


You  may  want  •  to   Isabel  the 
screens   in  a   gra'duated  way, 
such  as   1    (largest  mesh),  2, 
and   3^,-    The   label  can  be  taped 
on   a  rurn6d  up  ^dge,  ^ 


3. 


is  may  be  done   by   first  pass- 
ing   each  .sample   of  soil  through 
the   screen  with   the  .largest 
mesh.     The  particles  that 
remain  on  the   screen'  'should 
then  be'  set  as^ide^  on  a  piece 
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^TEACHING  SEQUENCE 


i 


After  the  children  have  di- 
vided the  samples   of   each  type 
of   soil   into   four  parts  based 
upon  the^relative   sizes  of 
particles  which   it  con^fevains, 
ask   them  to  use  a  magnirydng 
glass  to  examine   some  o^  t>i,g^ 
partial'^ s  of  soi»l   that  passed 
through   the   screen  with  the 
smallest  mesh.  j 


Are  t-he  particles  all  the 
same   size? ' 

How  can  this   part  of  the 
sample   be   further  divided 
into  portions  with  parti- 
cles of  ajpr6ut  the  sjame 


size? 
4 


^ince  jio   screens   having  a 
smaller   mesh  are  available, 
suggest  a  sedimentation  or 
'settliag  technique.      Show  them 
a  ySTVof  water  and  ask  how  it 
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MiNISEQUENCg  I/Activity  1 


COMMENTARY 


of  paper   in   order  to  compare 
later  the  relative  amount  of 
large  par tLcl-es   in^  ^e ach  type 
Of  soil.     The  portion,  of  the 
Sample   that  passes  through  the 
large-jnesh   screen   should   be     ~  ' 
sieved  throug-h  the  screen  with 
the  ^lext  smaller  mesh.     The  • 
same   procedure  as   above  should 
be   followed   for   setting  aside 
the   particles  that  did  not  pass 
thr'ough  the    second  screen.  The 
remaining  soil^'  should   be  sieved 
through  the   screen  with  the 
smallest  mesh  and  the  particles 
from  each   sample   that  do   not  go 
through  it^  should  a.gain  be  set 
aside   for^  later   comparison . 
This  procedure  will   r,esult  in 
the   separation  of  four  di'ffer-^, 
ent   size  particles   for  each  ' 
type   of   soil : 

1.  larger   than  mesh  holes 
in   screen  1 

2.  larger   than  mesh  holes 
in   screen  2 

3.  larger*  than  mesh*holes 
in  screen  3 

-   4.    smaller' than  mesh  holes 
inscreen3. 

The   amounts   of  each   size   may  be 
compared  by « weight  or   by  using 
the   1-oz  Clips    (unit  measure)  * 
to  determine   their  relative 
Volumes 

No/  they  are  not. 


Someone  may   suggest  that 
smaller  mesh   screens   be  used 


t — 


V 


J 
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MINISEQUENCfi  I/Activity*  1* 


TEACHING    SEQUENCE  " 


ight  be   used   to^  bring*  abdut 
further  separation.  Then 
distri'bute  a  narrow  glass  jar 
and  lid  to  ^ch  group.  The 
children   sholild  put*  the  soil 
ed^through  even  the 
en   into   the    jar , 
fasten   the   1  id , 
gorously,   and  then 
'e   for  a   day   or  two 
They  should  use  at   least  thr^e 
time3^--'as"7in4i       water   in   the  j 
a  sphere*  isxsoi'l.  t 


Ask  them  to.  note,, the  differ- 
ences  in   sizes   of  soil  par- 
ticles  from  the   bottom'  to  the 
top  of  the  'seddment.     l^ey  can 
examine   the   sizes   of  tne  par- 
ticles  with  a  magnifying  glass 
through  the  transparent  slides 
of  the^bottle. 


V 


To   summar i  ze   their   compar i  son 
of   subsoil   and   topsoil,  based 
upon  particle   s-ize,  you.mky 
want  to  suggest  representing 
the  rang^  of   sizes  from^lar- 
gest  to  smallest  'by  dra'wing  v 
sets  of  circles.     To  the  right 
of   each  set  of   circles  they 
might   indicate,    in   unit  m'ea- 
sures,    tYue  amount  of  particles 
of   each  size. 


3^1 


COMMENTAK'Y 


Let  the  ohlldr^en  discuss  their 
ideas   before  you-proceed. 


V 


^Wittii^n  one   day*  mo^t   of  the  soil 
will  have   settled  to  the  bottom^ 
of  ttie   jar.     The   lar.gest  par- 
ticles^ wi  11   settlfe   out  first 
and  thje  smaller  ones'  last. 
Aftei/  two  days,    all   of  the  *^ 
material  may  still  not  have 
s.ettled  out  of  ^  the  .  water  •  Some, 
fine  organic  material  may  be 
left  floating  on   top.  Also, 
the  water  may  be   cloudy,  in-' 
di'cating  that  tiiere  were  some 
particles   ix^   the  -soil  so  small 
that  they   remain   suspended  in  ' 
bhe  water .  *  > 

9:  •  '  . 


It   should  be  qui  te   evident  that 
the. sediment   is   made   up  of  two 
or  more   layers  of  small  parti- 
cles of   recognizably  different 
sizes. 


An  example   is  given   here  using 
data  collected   from  two  saro- 
ples. 


/ 
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MINISEQUENCE  'I/Activity  1 


TEACHING  SEQUENCE 


'i-  Subso^il 

(.unit  measures) 

f opsoi 1 
(unit  measures ) 

'  »   ^  

ft 

Size  of  Particles 

,  3/4 

1/2, 

j  (larger  than' 1/4  ^ih.)^ 

^        1 - 1 /4  ' 

(larger  tnan  1/10 
but  smaller  than^  1/4 
in  *  )            '  ^' 

'  1/2 

,1-1^2  - 
> 

•V. 

(larger  than  1/1?  in. 
but  smaller   than  1/10 
in.) 

5-1^/2 

\ 

5 

:  I  

(smaLler  than  1/18 
in  .  )  ^ 

Summarize  Part  A  .by  disqrussing^ 
questions^  such  as*  these  :^ 

•  Why  would  it  l>e  proper  to 
call  3oil  a  mixture? 

•  What  kinds   of  things  are 
•    found   in  soil? 


•  How  big   are   t he , par t i c le s  of 
matierial   that  make  up  the 
so  i  1  ? 


lat^^c 


In  what^ays  do   top^il  and 
subsoil   appear   to  he  differ- 
ent? \ 


It  is  made  up  cf  different 
.things  . 

Lining   things,    things  that 
were  once  alive,   and  roqk 
materials . 


There 'is  no  one   answer  to'  this 
question  since   the  particles 
vary  in   size   from  those  that 
are   so   small   they'remain  sus- 
pended   in  water   to  relative^ly 
large  ,piec^^*^f  rock. 

The  color, lodor,   and  amaunt  of 
organic  materaal-  they  contaip 
are  d-i  f  f  e  re  n  t . 


ERIC 


PART  B 


1,      Introduce   this  .Part  of  the 
Actiyity  by  showing  the  class, 
a  potted  plant- 
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In   this  f>art  of   the  Activity 
children  will   cofiipare  the 
water-holding  'capacity  of  sam- 
ples of   tc^soil   and  subsoils 
i 


TEACHING  SEQUENCE 


•  What   is   the  plant  growing 
in? 

m 

•  Why   is   soil   important  to  the 
plant?      '     '  ^  'w 


Continue   th^  discussion  bJy 
asking  such  questio-ns  as 
these  : 

•  What  happens  ^to  a  plant  when 
it's   roots  ca'nnbt^  get  water 
from  the  soil? 


JVhen   soil   is   watered,  either 
by  rain  or  by  people,  what 
happens   to  the  water  that 
soaks  in?  ^ 


-  MINISEQUENCE  I/jyctivity  1 


'  CdMMENTARY 


Soil 


The  ir  *  responses'  ma,y  >  inc^qde 
such  statements   as  :^   The  'soil 
hoJ.ds  the  -plant.     The  plapt 
g-ets  water   from  the   soil.  The 
plant;gets  minerals   from  the 
sbil.^   All  of  these  are'^orrect; 
however  ,   emphasize  the   fa'ct  that' 
plants   cannot  grow  without  wat^er 
and   the  main   source   of  waber  for 
plaats   that  grow   in'^Sjoil  is-  the 
soil  'itself . 


plant  will 


First  "the 

water   is'  no t   supp-Li ed , 
then  'd'ry  out   a^ad  die. 
chi  Idreii  have  Aot  seen 


w  i  l.t .  If 
it  wil-l  [ 
•If  §bme^ 
this 

happen  ,   plant"  ^vera-1  corn 
,seeds   in^a  pot  of  soil- ahead 
of   tinns'.     Water  well,  Until  the 
plants   are   about   6-cm  tall. 
This  v/ill   take  abou.t   10  days. 
Soak'  t-he  .soil  and  then  ad'd  no 
more  water.*   Observe  the^daily' 
changes   that^take  place.  Theis 
length:  of   time  it  will-^ake  >f or 
the   co'rn  plaiits   to  wilt  and  die 
wi  11^  depend  upfon  ^wo  important 
factors:      th^  amount  of  waiter 
held  by   the   soil   at   the  time 
it  was*  soaked  and^how  much,  of 
*t^r2r£^^ter   it  wili  eventually 
telease   to   the. plant.     Both  of 
these   factors  vary  with  the  . 
type  of.  soil.     fhe^^  humidity  of 
the   surrounding  air  Is  also  a 
f  a  c  to  r  . '  •       '  '  * 

All   water   that   falls  on   the  ' 
soij.  does  not  necessarily  soak 
into  it.     Some. may  run  off;' 
some  evaporate s   into   the  air 
befcvre-it   Soaks  int.o*the  soil. 
Some  water  continue s   to  perco- 
late deep  into  the  earth.  The 
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TEACHING  SEQUENCE 


•  Wher-e  must -the  water  that 
enters   the   soil  be  located 
if   it  is   to  be  available  to' 
plants? 


•  What  property  of  soil, 

therefore,    is   important  to 
keeping  water  available  for 
plants?  . 


Tell,  the   class   that   they  can 
compare   the  water-holding  • 
capa^'iTty  of  the  top  soil  and 
subsoil.      One^^new  cup  of  soil 
from  the   topsoil   sample  and 
on-e  n-e-w  cup  from  the  subsoil 
sample   should   be   spread*  out 
on  'S*eparate  S'heets  of  news- 
R,aper.      Lf  there  are  large 
luitips   in.  eithj^er-  sample  .they 
•should  be   crumbled.    'The  soil 
should  be   left  exposed   to  the 
aic  for  at   le^st   3   days   to  dry; 
out . 

Ask   for  sugges'tions  regarding 
^how  the/waber*-holding  capacity 


MINISETQUENCE  I/Activity  1 

■  . 

•  COMMENTARY 


fa-ct  that  water  soaks  or'per- 
colates   through  soil  can  be 
demonstrated  easily  by  over- 
watering  a  potted  plant.  The 
water   that   is  .not  held  by  the 
soil  wil'l   percolate   through  i^ 
and  run  into   the  dish  or  tray 
under   ti|ie   pot .  ^  •  ^ 

The  water  must  be'held  by  the 
soil  surrounding   the' roots. 
The  water  which  passes  deeper 
through  the  ^adl  /does   the  plant 
little   or   no  good. 

The  property  has   to  do  with  the 
V amount  of.water  soil  can  hold 
against   the  gr^vi tationaf^  force 
that  pulls   it  downward.  Water- 
holding  ca'pacity  ihay ^^b^  defined 
as   the   percentage  of^  water  held 
when   the   soil   is  com^ple tely 
filled  with  water.      For  example, 
let's   assume  that  a  sample  of 
air.-dried   soil  weighed   100  grams 
and  after   being  saturated  with 
water   it  weighed  125  fcframs. * 
The   sample,  of   soil  absorbed  and 
held   25  grams  of  water.  Since 
yS'gratns   is   25%  of   100  grams, 
Vt   could  be   said  tjiat  the 
water  - ho Idiag  ca'pacity  of  the 
^oil   sample  was   25% . 


If  yoij,  wi  sjHyaQ  dry  out  the 
soil   in  an  oven,   panjs   of  it 
should  be   left  at   200°F  fo^r' 
atleast3hours. 

There  are  several^ways  in  which 
this  might  b^e   done.     One  would 
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MINISEQUENCE  I/Activity  1 


TEACHING  SEQUENCE 


of  soils  might  be  determined, 


In  addition  to  the  materials 
and   equipment  used   in  Part  A, 
each  group  should  obtain: 

{.  balance 

2  polyfoam  cups 

1  paper  towel- 

2»  4-in.   aluminum  pans  * 

1  pair  of  scissors       '  , 

First  they  should  use  a  pencil 
point   to  punch' about  25  holes 
in   the  bottom  of- each  polyfoam 
cup.     The  .holes  should  be  ^  o  • 
evenly  spaced  over,  the  bottom 
of*  the  cup.     Then  they  should  > 
cut  on'e  round  piece  of  paper 
towel    (one-layer  thick)  to' 
fit   in-^io  the  bottom  of  each 
perforated  -paper  cup.     Fit  the 
disc  of   towel  intp   the  bottom 
of   the  cup  so  that  all  holes 
are   covered.     Label  one  cup 
"topsoil"   and   the  other  "sub- 
soil." 


COMMENTARY 


be  to  place 
each  of  two 


equal  volumes  of 
samples  in  cans 


with  p*erforat:ed  bottoms  .  A 
measured  amount  of  water  could 
then  be  pouraji  into  each  can 
and  the  runoff  collected.  If 
the  volume  of  the  runoff  water 
is   subtracted  from  the  volume 
of  water  po*"ur^d  into  the  can 
of  soil,   the  difference  would 
be  the  volume  of  water   held  by, 
the   soil.    -Anotrher  interesting, 
way  of  doing  it   is  presented 
here,   based  on   "before  and 
after"  weight  determinations. 

The  children  can  again- Vfrork 
in  group?   of  4.     They  should 
divide   the   things  to^^be^x^^ 
done  among  themselves,  taking 
turns  where  necessary.      If  an 
insufficient  number  of  balanqes 
ar,e  available   for  each  group  to 
have  one,    they  can   take  turns 
^it^  t'hem. 

The  holes  will  allow  water  to 
enter  the  paper  cup  when  it  is 
placed   in  a  pan  of  water. 


You.  might   sugg^est  that  the' 
children  measure  for  the  disc 
on   the  bottom  of  one  c.up.  When 
the  disc  of  paper  to^wel  is 
placed  in   the  bottom  of  the 
cup,   it  wiO.1  present  soil  from 
falling  through   the  holes. 


ERIC 


MINISEQUENCE  I/Activity  ^1 


TEACHING  SEQUENCE 


Next,   discuss  and  demonstrate 
the    following  technique:. 
Gently   fill  each  cup  about 
1/4   full   of  watet  a.s    it  is^ 
held, over  a  pan.      Allow  most 
of   the  wa^r   to  ^un   out  o,f 
the   bottom  of  the   cup,  The^ 
remaining  water   sho,uld  then 
be  poixr ed  out , 

The   children   should   weigh  the 
cups  while   they  are  still 
moist  on   the   inside   and  record 
the  weight  of  each. 


At   this  point,    if  you  have  not* 
already  done  so,    discuss  with 
the   children   the^rat ionale  be- 
hind  the  procedures   in  this 
experiment  as   a  whole.  It 
might  be   helpful   for   them  to 
set   up  a  kind  of  Worksheet- 
organizer  .for   their  weight 
data  before  they  begin: 


\ 


<:OMMENTARY 


This    is  .done   before  weighing 
the   cups   to   inc'iude   in  the 
total  cup  weig4it  water  that 
eventually  may  be   absorbed  by 
the  paper   towel  disc  and  the 
slides  and  bottom  of  the  cup. 


Have   at   least   two  children 
weigh  ea^h  cup  to   check  on  the 
results  obtained   and   to  refresl 
t.heir   skil-ls,    '  (In   COPES,  chil- 
dren were   introduced  to   the     ^  < 
standard  type  o*f  equal   arm  bal- 
ance^ and  the   gram  system  o£ 
weights   in  Minisequence   I  of 
Grade  4,) 


Topsoil 

Subsoil 

> 

Weight  of  moist 
empty  cilp 

Weight  of  cOip  after 
dry   soil   is  added 



Weight  of  cup 

and  we t - soi 1  " 

ERIC 


They   should  also  be   given  the 
following   specific  directions: 

« 

*  Into  one  moist   cup  put 
exactly   100  grams   of  air- 
dried   topsoil.      Into  the 
other,   put  exactly   lOO'  grams 
of  air-dried   subsoil.  Again, 


This   can  be  done   by   setting  the 
cup  on  'the   balance   and^  slcTwly 
adding   soil  until   100   grams  is 
added.      If,   as   in  one  example , 
the  moist   cup  and  disc   of  pape^ 
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MINISEQUENCE  I^ctivi.ty-  1 

-  .Q^ 


TEACHING  SEQUENCE 


the  weights 


re'pord 

.      '  / 

Set  e^ch  cup  into  an  alumi- 
num pan.     Then  pour  2-1/2 
unit-measure  cups  of  water 
into  'the  bottom  of  each  pan 
as   the  bottom  of  the  pe'r- 
forated  cup  is   held  down 
against-  the  bottom  of  --the 
pai^.     When  you  ^re'  certain 
that  the  cu'p  will  not  tip 
over,   it  is  no  longer, 
necessary  to  hold  it. 


( 


Observe   the   top  of  each  soi 
sample   for  evidence  that 
water  has  reached  it. 


COMMENTARY. 


towel  weighed  3 . 1 
cup  with^  dry  soil 
weigh  103.  1"  grams 


grams , 
s  hould 


,the 

JlOW 


V 


After  the  entire   surface  of 
the  soil  in  each  sample'has 
become  wet,    leave   the"  cup  o'^f 
soil  in  the  pan  of  water  for 
'at   least  another   10  minutes. 
Then  pour  the  water  out  of 
''^Vea.tjh  p^'an  ancj  allow  the  wet  V 
^^oal   to  drain  for  about   5  ^ 


mii^ute  s 
again 


before  weighing 


Finally,   the  children  should 


Warier  will   rise   in  the  .soil 
(against  the  pull  of   the  grav- 
itational  force   of  the  ea'rth) 
by  A  prokcess  known  as  capillar- 
ity.    I*^  this  dase  capillarity 
is  broughrt 'about  by   the  attrac- 
tive  forces  between  water*  mole- 
pules  and  pat  tides   of  spTl. 
The  attraction  of'. the   liquid  to 
the   soli^d  surfaces  is  greater 
than  the -internal  cohesion  pf 
-*the   liquid  ifself.     Wetness  at 
the   to^  of   the  sail  sample  will 
bfecorae  evident  by  the   soil  be- 
'cpming  a  darker  color.  The 
first  evidence  o.f^this  may 
app'ear  as   a  small,   dark  sppt 
within  30  seconds  ^fter'^  the 
cups  of  ^s-oil  are"  placed  in,, 
water.     It  may  take   from.  3-5 
minutes  for   the   entire  soil 


su^  face 


to  become  wet. 


If  the  water 
below  1/2   cm , 
al   small  cup 
in1:o  each  pan 


in 
pour 


the  paun-e  .djops 
an  addi tion- 
of  watet 
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ERIC 


TEACHIMG  SEQUENCE 


weigh  the   sampLes  of  wet 
soil  and  record   t'he  .weights , 
Then;    If  they  subtract  -the 
dry- so  i  l-plus~mo  i  st-cup, 
weight   ^rom  the  wet-soil- 
plus-mois t-cbp  weight  for 
■each  sample,  ^the  difference 
will  be  the  wei'ght  of  water 
absorbed  and  held  l?y  each  ' 
lOO-gram  f ample   of  topsoil 
and  'subsoil. 


^f,ter  the  ^children  have'  com- 
pleted tjfcjis   procedure,  ask 
them  to  compare   the  water- 
holding  capacity  of  their  sam- 
ples of .  topsoil  with  that  of 
their  samples  of  subsoil. 


Since  you  ma'y  get^as,  many 
quantities   for   the  weight  of  . 
water  by  each  type  of'  soil  as 
•  there  ar^^^j^x^ps   conducting ' 
the  inv^^stigat1rT>n-s<^hi  s  will 
provide^  an  excellent  opportu- 
n^i  ty  to  apply  a  me  thod  of 
averaging  to  arrive  at  weights 
of  water  held  by  the  differ en t 
sajnf>*le^s  of  soil   that  would  be 
more  nearly   representative  of 
the  larger  samples   of  topsoil 
ahd'subsoil. 

X 

Suinmar*ize  this   Part  of  the 
Activity  by   asking   such  ques- 
tions  as  "the  se : 

•  -If  water-holding  capacity 
were  the  only  factor  (that 
determined   how  well  plants  ^ 


COMMENTARY 


In  one   example  ;    the  wet  topsoi'l 
plus  cup  weighed  141.5  ^xams. 
The  dry   top soil  plus  moist  cup 
weighed   105.1  grams.     The  difr' 
f erence  was   36.4  grams .  The 
wet  subsoil  plus  cup  weighed 
134.1   grams.     The  dry  subsoil 
■plus  moist   cup  weighed  105.2 
grams.      The  difference  was  28^9' 
grams . . 

In  ^'the   above  example  ,   100  grams 
of   topsoil   held   36.4  grams  of 
water  whereas   100  grams   of  sub- 
soil held  only   28.9   grams  of 
water.      The^topsoil   had  greater 
water-ho-lding  capacity.     if  one 
wished  to  express  this  as  '^'a 
p-ercentage  ,    it   could   be  said 
that  the  water- holding  capaci ty 
of   this   sample  of  topsoil^  was 
36.4%  whereas   for  this  sample* 
of   subsoil   it^  was  only 
The /data  can  be  easily 
to  percentages  because 
pie   siz'e  was  100. 


28.9%. 
converted 
the  sam- 


\ 


In   earlier   grades  of  COPES-, 
children  l\ave  averaged  by 
"evening  off"   bar  graphs  and 
by   "piling-in"  ,  squares  on  a 
histogram.      It  may  also  be 
done  conventionally,    by  adding 
the  weights   and  dividing  by 
the  number  of  different  ones.?*^- 


V 
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The   "if"   iji   this  qifestion  is  ' 
very  important  -.because  there 
re  oth^r   factors,    such  as  the 

/ 
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MINI SEQUENCE  I /Activity  1 


TEACHING  SEQUENCE, 


Would  grow  in  a  soil,^  which 
soil^  would  bfe  most  suitable 
for   growing  plants? 


"  f 


How  could  you  determine 
which  of  the   two   types  of 
soil  was   really  better  for 
growing  plants? 


COMMENTARY 


availability  of  -ess^ential 
minerals,    that  must  be  con- 
sidered. 

In  comparing   the   soils  for 
which  data   are  reported  above, 
the   topsoil with  a  water-hold- 
ing capacity  of   36.4  grams  of 
watar  per   100  grams   of  soil 
would  be- better   than  the   sub- ^ 
soil,   which   held  only  28.9 
gr  ams .        ,  •  . 

Discussion  of  ^his  question 
should  lead   into   Part  C  of  this 
Activity,-  in  which  an  experi,- 
ment  will  be   conducted  to  de ~ 
termine  which  soil  has  better 
growt  h-producin^po  tenti  als  . 


PART  C 


1.      introduce   Part  C  by  re- 
viewing what  was  covered  in 
Parts   A -and  B.      The'ft  ask*the 
following  question  r 

In  which  soil  would  you 
expect  plants  'to  grow  ^ 
bej:ter,  •topsoil  or  •suiir:^'' 
soil  ? 

Encourage   them  to  give  rea- 
sons for   their  expectations. 

Ask  them  to  plan  an  experi- 
me,nt,    using   the   remainder  of 
their   two  soil   samples,  to 
find  o-ut         which  soil  plants 
grow  better.  \ 

In.  their   specific  planning, 
encourage   them  to  consider 
the  following  factors  that 
should  be  controlled: 

a)    s  ize  o-f  pot 


Children  will  probably  answer 
*' topsoil .  " 


It  contains  more  organic  mate- 
rial  and  holds  water  better. 

It   is  quite   likely' that  they 
will  sugges  t ''tha  t  seeds  be 
planted  in  each  of  two  pots 
of  soil,   one  oi  topsoil,  the 
other  ofsubsoil. 


Po ts   should  not  be  so  large' 
that^  you  cannot   fill   them  with 
the  remaining  soil. 
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MINISEQUENCE  I/Activity  1 


.TEACHING  SEQUENCE 


b)    amount  of  soil  in  each 


pot 


c)    kind  and  rfumber  of 
seeds 


d)  d^pth, of  planting 

e)  amount  of  water  each  is 
given 


f)  temperatur# 


g)  light 


After   t'he   experiment  has  been 
planned,    eac'h  working  group  ^; 
should         responsible  for 
planting   3  seeds   in  one  pot 
of  each  t'ype  of  soil, 

If  the  experiment  is' carried 
out  as  suggested  above-,  each 
group  will  need  the  follow- 
ing r 

2     perforated  cups  from 

Part  B  to  use  a^  flower 
pots 

2     4-in»   aluminum  pa^s, 

into  which  the  flower 
pots  may  be  set 


kernels  of  seed  corn 


ERLC 
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COMMENTARY 


Soil  going   into  each  pot  should 
be  approximately  the  same 
weight . 

It  is   suggested  that  three  co'rn 
,   seeds  be  planted  in-  each  pot 
to  be  sure  *that  at  least  one 
will  germinate . 

The  seeds  should  be  planted 
about   2-l/'2  cm  deep/. 

Sufficient  water  should  be 
added  daily   to  keep   the  soil 
moist.     Each  pot  should  have 

^  holes   iri\  the^  bottom  through 
which  excess  water  can.  drain 
off.     Before   soil   is  put  into 
the  po^t  the  holes  should  be 

•  lo^se'ly  covered  to  keep  the 
soil  from  being  w^she^d  out  of 
the  pot. 

This   is   controlled  by  keeping 
them  in  the  same  place  and  can 
be  checked  with  thermometers. 

I 

All  pots  should  be  placed  on 
a  window  sill         where  they 
can  ge't  direct  outdoor  light. 
The  east  t^and  south  sides  of 
the  building  are  best. 


The  cups  should  have  discs  of 
paper  toweling  in  the  bottoms, 
as  before^* 
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.    -MINISEQUENCE  I/Activity  1 


TEACHING  SEQUENCE 


sprinjcTer  bulb  with  spray 
head       -  ' 


Aft^r   all  pots   have  been  pre- 
pared  and  plan ted they  should 
be  arranged  in   a  place  where 
they  can  get  -direct  light 
from  outdoors.      They  shoyld 
.then  be  watered  thoroughly* 
Arrangements  should  be  made 
for  them  to  be  watered  daily 
for  the  duration  of  ,the  exper.-' 
iment.  > 


^  Arrangements   should  also  be 
rrtade   to  cfieck  the  ' temp^ra-ture 
of  the  air  around  the  plants* 
in, the  morning^    at  noon,   and  ♦ 
^ih  the  aftetnoonl   ^^Recor'd  the 
temper  a  tur'e  on  Worksheet  1-1. 


COMjMENTA 
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The  sprinkler  bulbs  can  be 
shared   among  the , groups ,  if 
ecessary . 


The   tlftree   geeds   should  be 
'planted  near   the  center  ^of 


the 


PPt 


,o  f  soil.' 


atering  shouj,d  be  done  gently 
with  a   sprinkler  bulb.  The 
sprinkler   distributes  the- 
:,water  over   the   soil   and  pre-' 
vents   it  from  being'  washed  off 
tAe  seeds.     The  soil  should  be 
'sprinkled  unAiil  water  appears 
*in  'the   dish  beneath   the  pot. 
'Most  sprink]^ar  bulbs  contain 

about  a  half  cup  of  wate^.  .  It 
"is   estimated   that  aft^er  tJhe 
'first  soaking-,    half  a  ^3-Pj/inkl^r 
bulb  of  water  per  pot  each  day 
will   be    suffic^nt.     With  pracr 
'tice,   one   squeeze  on   the  sprin- 
''kler  bulb  will   force  out  ope 
half  of  the  water  it  contains. 
;Thus  the  amount  of  water  given 


'each  plant 
-controlled 


can  *bie  conveniently 


To   keep  watef"  supplied  to  the 
plants  over  the  weekend  when 
•school^  is   closed/  it  is  sug- 
'gested   that  the   soil   in  each 
pot  b^   soaked  Friday  evening^, 
•The  p^n   in  which'the  pot  is/  set 
should  also  be   filled  wi'th 
Vater. 


If 


possible  the 

eters  should  be 

string  directly 

plants   for   the  ,dura 

c 


th^ee  thermom- 
susp'fended  by 
above  the 

ion  of  th.e 
experiment.     They  siould  be 
arranged  in  peaces   that  will 
sample   the   temperatiir e  of  the 
air   surrounding  all  plants. 


You  might 
c\ts  todian 


want  to  acquaint  the 
pf  the  building  with 

'   •  \  '  35 


WORKSHEET  I-l 


Name': 


DAY 

^    *                  /  OB^RVATIONS    OF   PLANTS          ^'^^'^  ^ 
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IN  SUBSOIL 
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\ 

* 

/ 

f 

 ■  
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•  i 

ft 

.   '  r 

♦  / 

• 

\  > 

f 

1 

4 
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MINISEQUENCE  I/Activity  1 


TEACHING  SEQUEMCE 


After  the 


se^s  have 
germinated  and  the  plants 
ha ve  ^r.own   to  a  height   of  5 
or   6  cm,    remove  all  but  one 
plantain  each  pot. 


How  will   you  be  able   to  tell 
which  type  of   soil  producer 
better  groWth  of   the  plants? 
What  could  ^y*ou  Observe  or 
measure?   *  ^  ^ 


From  here'on,    it  is  important 
that,    in  Addition,  to  tempera- 
ture,   such   items  as"  the  fol-' 
lowing   should  be  observed  and 
daily  records  maintained  for 
'each  pl^nt '  %f 


a) 
b) 
c) 


height  ir^  cent^imeters 
numbe r  of   l>ea ve s 
color  of  *  leaves 


\ 


d)   evidence  of  'wilting 


In  your  discussion  of  the 
^results  obtained  fr^m  periodic 


MMENTARY 


the   experiment  and  the  care 
with   wh ich   it  is  being  con- 
ducted.    You  will  need  the 
custodian 's   cooperation  to 
prevent  unanticipated  accidents 
to   the  plants . 

The   little   corn  plants  should 
begin  to  appear   in  about  '4 
days ,      Care,  should  be  exer- 
cised' in  thinning  the  plants 
to  avoid^  disturbing   the  roots 
of   the   one  you  wish   to  leave. 
The  plants   to  be   left   in  the 
pots  should  all  be   about  the 
same  he  ight ,  '  ^ 

The  children  may  suggest  that* 
they  should  w^itch  for  differ- 
ences in  the  'height  of  the 
plants  growling--  in  the  topsoil 
and  in  the  subsoil.  They  may 
also  suggest  using  the  number 
and  color  of  leaves  as  a 
criterion^ 


One*of   the   first  indications 
that  a   plant   is   not  doing  w*ell 
is   a  change   in  the  color  of  the 
leaves   fro^Ldark  green-^^^  light 
green.      Eventual ly^^^tjie  Ifeaf 
may  become  yfellow, 
it  ma*y  die. 


le 

'after 


which 


Thi  s   is   ano1||herj^"dndi  cation 
thalt  all  is  Viot  well  with   the  , 
plant,    especially  if ^wilting 
occurs  when   the  plant  is  being 
pr»operly  watered. 

The  var ious  obse rva tions  can 
be   reco-rded.on  Worksheet  I-l.< 


MINISEQUENCE  l/Activity  '1 


TEACHING  SEQUENCE 


observation  of  the  plants; 
give  ♦attentfiqn  of  sruch  ques- 
tions as   these :  • 

•  Are  the  plants  growing^ 
straight?  * ' 


•  Which  leaves  sh^ould  ,be  mea- 
sured  irri  determining   the  i 
height  of  the  .plant? 


•  Should  more  water  be^given 
to  one  of  the  plants   if  it 

.shows  signs  of  wilting? 

•  Does   it  affect   the  experi- 
ment for  plants   to  be  in 
drafts? 


•  Is  It  possible   that  on  serine 
days  all  plant's  may  rec^uire 


more  water? 


•  What  should  be   done   if,  one 
or  more  plants   are  destroyed 
by  insects  or  rodents? 


3.      Continue  observations  aifid 
record-ke^eping  for  at  *least 
three  weeks.     You  may  want  to 


COMMENTARY. 


ERIC>58 


4? 


When  young;    the  plants  will 
bend  toward  the   light.  They 

can  be  straightened  by  merely/^ 
turning  the  pot . 


The  leaves  of   the  corn  plant 
are  long  and  narrow.  The 
longest  leaf  in  each  plant 
c^^uld  be  measuxjd  each  time.-— — - 

All  plants  ''should^  beigiven 

the   same  amoOrit  ofc  wfi^er .  None 

should  'be  given  extra  wat;er'.^ 

Not  unless   the   current  of  air  - 
^is   unusually  strong  or   un-  * 
usually  warm.      However;  if^. 
some  of  the'^plants   are  in 
even  a  mild  draft'' where  as   the  " 
others  *'ar  eh  '  t ;    the  experiment 
would  be  affected.     "Plants  in 
the  draft  would  reqyire  more 
water   to  sustain  themselves.    /  ' 

If   for  some  reason   the  place 
in  whi'ch  the  plants  'are  lo'- 
cat^d  should  become  unusually 
warm;    the^ water  allotment  for 
tY\^t  day   should  be  increased.. 
However;   all  plants  should 
stil*l   receive   the  §,ame  amount 
of  wa ter  . 

This  may  happen*      If   the  de-^ 
struction   results   in  fey^er 
than  two  healthy  plants  re-* 
maining  for'  each  type  of  soil;' 
the  experiment  should'be 
st^r'ted  again  and  precautions 
taken  toprotect  the  plants^ 
Such  unfavorable  events  ar^ 
not  'uncommon  ii)  scientii^fic  * 
ex|)er  imentation  . 

OnlV  a   few  minutes  eachrday 
are  necessary   for  thesApbser/- 
va  tions .     %he   chil'dren   can  go 


MINISEQUENCE  I/Activity'  1 


'         TE^yCHING   SEQUENCE  , 

/' 

distribute  another   copy  of 
Worksheet   I-l   to  each  group » 
Then  compare   the  records  for 
plaints  grown  in  each  type  of 
soil. 


COMMENTARY 


on   to  Activity  2,   if  you  wish. 

S^Qe  you  will  probably  have 
at   least  4  pots  of  each  type 
of  soil,   quantitative  observa-  - 
tions  'such  as  height  and  number 
of  leaves   should  be  averaged 
for  ea?ch  type  of  soif.  Dates 
upon  which  other  *  changes  were 
observed  should  be  compared. 
For  example,   here  are   the  corn 
growth  records  for  two  pots, 
each  of   topsoil   and  sub soil: 

Three  corn  seeds  were  planted 
in  each  o"f  four  pots  on  Sep- 
tember 4.      Each  pot  contained 
IChOO  gram^  of  soil.      Pots  No.  1 
and  No.  '2   contained  subsoil. 
Pots  No.    3   and  No*  ^contained 
topsoil.  •  The  s-^eds'  were  planted 
at  a  depth  of  2-1/2   cfn  in  each 
pot.     The  soil  was   then  watered 
with  sprinklfer  bulbs   until  it 
was   soaked  th*rQugh .     Each  pot 
was  watered  daily  with  the  Syiiae 
amount  of*  wetter.     The-  pots  ^er^ 
kept  in  a  warm,   well-flighted  j 
place.      Plants  app earned  in 
two  pots-  (one  subsoil  and  one 
topsoi 1 ) ' wi thin  4  days*  Plants 
we  re  above   the  soil   surface  of 
all.  pots  within   5  days. ^  On  ^he  . 
.10th' day  all  plants  bAit  ^one 
wer^e  removed  from  each  pot. 
The  height  records  dn  page' 40 
begin  on.  the   10th  day  aird , 
after  the   11th  day,  continue 
for  alternate  days   through  the 
25th  day. 

Ther^^  was  no  observable  differ- 
ence between  the   two   types  of  ' 
soils  in  the   time   that  it  took 
f o,r  the  seeds  to  germina te  and 
for  plants   to  appear.  However, 
on   the   10th  day   there  was  a 
difference   in*  the   average  height 
of  the   corn  plants  in  favor  of 
the   topsoil.     The   average  height 
of  plants   in  the   sub soil  on  the 

/ 
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MINISEQUENCE  I/Activity  1 


TEACHINqr  SEQUENCE 


% 


•  In  which  soj.1  do  plants 
grow  better--topsoil  or 
subspil? 


COMMENTARY 


10th   day  waS'7.7   ciyi,  whereas 
the   average  height  o*f  plan^tji 
in  topsoil  was  11.3  cm^^  The 
difference   inVjfverage^  height    ^  ' 
persisted  throligh  25  days.     Oa  ' 
the   25th   day,    l^avBS  on  subsoil 
plants  were  shiwing^la-rger 
areas,  of  brown*ihg  and  drying 
than<  they   did  on  the  topsoil 
pla^n^ts  ^     At  the  termination  of 
this   experiment  on  the  25th 
day ,    the  "two   subsoil  corn 
plants  had  only  three  leaves 
whereas  the  topsoil  plants 
had   f our ;  ' 


Height  of  Corn  Plants 
in  cm 


Day 

N  Q .  1 

No  .  2 

^No.  3 

No.  4 

10 

srs 

7f^ 

,14  .  0 

8.5 

ir 

11.'^ 

8.5 

'  18.0 

12  .  0 

13. 

19,.  0 

10.0 

'23.5 

^.0 

15 

24.0  . 

I3T0 

^6.0 

23  .  0 

17 

25.  5 

lSV5 

\>9  ;o 

27.0 

19 

2  7.0 

14.0 

31  .  5 

31.0 

21 

26.5  * 

14  .,5 

34  .  0 

33  .  0 

23 

2'8  .  S.^ 

15.0 

37  .  0 

36.0 

25 

^3  2.0^ 

16.0' 

40. CU. 

39.0 

Clearly,    topsoil   is  conducive 
to  ^b^tter  growth  than  sub- 
soil. 


EXTENDED  EXPERIENCES: 

1.  PJ^nning  a  field  trip  to  one  oif  more^  of  the  places  listed 
on  page  ^4''1^  where  children  qan  observe   the   effects  of  soil 


erosio<fi,   would  be  highly  desirable 


40 
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'mINISEQUENCE  I/Activity  1  *t 


Fields  where  gullies  have  .been  cut  by  unchecked  run- 
of f  water;  •  ^ 

.    i  .  . 

*  b  .i  .   Sidewai^ks  next  to  bare  soil  wTiere  runoff  water  from 
rain  has  washed  soil  onto  tthe  ^idewalk^ 


c.  Small  muddy  streams  after  a  /ain  caused  by  runoff  / 
water  carrying  soil  into  the^stre^m.      (Bottles  of  the 
muddy  water   should  be   taken  back   to   the   classroom  aricj 
allowed   to   stand  until  the   soil  particles  fiave'  settled 
out  as  sediment.); 

d.  New  highway  embankments,   before  gras^  has  gro^wn  on  the 
them,   wher\^  there  are  gullies   formed  by   runoff,  rain 
water;  - 

e.  .    New  building  projects  where   €opsoil  has**been  scraped  ^ 

away   to  construct   foundations   for  houses  ^nd  whe^e' 
runoff  water  has  washed*  away  Ifcme  of   the   soil.-)  -> 

f.  wUnplanted   fields  where  wind  has.^blown  away  bits  of 

soil  an(3  deposited  tjiem  near  wiacl  breaks. 

2.  A  f^-eld.  trip  tofj^'  wooded*  area   in  which   thetfe   are   rocks,  to 
obs|^e   the   soil--f orpii^g  ^ocess,   wili  serve  as   an  excellent 
supp^ment  t>o"'  the^  discifssion'..^in  Part  ^  on  formation  of  soi^l^ 
The'^Uace   sH^u\d  <be  ;an- ax^a  Ijh^re   3,i^hens  and  moss  are  gro'w-' 
ing  ^on  expo'^e^*^^ocJcs,^ ,  If  th^   liohens  or  moss   are   rem'ove^,  the 
rock  beneath^fc^i^  wil^l         cruprbled  )nore   than  the   rock  surround- 
ing the  plan^^p^This  -is'^-brought  <^abou,1:  by  a  wjeak  agid  thctt  is 
formed   from  carbpn  df^xid^  gi ven  o f'f^^b^^  lichens  and' moss;  The'' 

•  acid  dissolves  P^rt  of   the   ropk  ma'teraal  'Which  causes. other 
pajfcs  of   it   to  (Wumble. 

may^  be  possible  to  collect ,  a^  samplfe  of  iicjiens  and  mos>>  ; 
growing  on  a.  small  rock,   and  take   th^m-  baa^  to  th€  classro6m. 
If   this   is  done,    the   samples  can  |^oe  ^kejpt'  in  an  ^unused  aquariUm 
tank.      The   samples   should  be  sprinkl         ith  wafer  peiriodically  . 
Between   sprinklings   the  tank  should  be  k<pt  cover-ed.  with,  plastic 
wrap  to  prevent  excessive  evaporation  of *^ater> 

3.  In  a   vacan&Vjot   that  ha?  not  beenmsed   for  several  year^*""^  , 


have 'children   finTnthree  or  four  diff^ent  Ibw-I^rowing  ^plants. 
With  .a  spa'de,   carefully,  dig  ai^iounA  eac^i:^lant  and  rem*ove  it  'and, 
its   roots   from  the  soil.     Shake  or  wa^h  the   soil   free.     Lay  the 
plants^  with   roots  attached  on  a  newspaper*  and  trompare*  the  ex-' 
tensiveness  of  fheiA^root  systems.     If  therg  were  a   sht^rtage  of 
water#  .which  pla/it  (wduld  be  best  able   to   suirvive?^^     If  the'se 
pj.ants  were  growing  as  weeds'  in  a  garden,   why  would  it- be  de- 
sirable  to  remove  them?  '  ' 


4.  Conduct  investigations  to  de  t  e  rmine  \jp)w  the  temperature  of 
the   soil  at  different  depths  vari.es.     M^^.ure*  the  t-emperature 


/      MINISEQUEfjCE  I/Activity'  1 

■  ■ 

of  the  soil  at  the  surface.     Do  this  by   "ever-fSO-gently "  stick- 
ing the  bulb  of  a '  the  rmpme-te  r  into  the  soil,     Le^ave  it  there,**, 
for  at  le^st   2  minutes  before  you  re^d  th^  ^t^mp'iriture       Use  a 
spade  or  h^and  towel  Jto  dig  a   hole  6  'inches  deep/     Use  the  same 
procedure  as  described  above   to  measure,  the  ^emperature  of  the 
soil  at       inches'.     Now  dig^down,12  inched  and   then  *18  inches  * 
and  measure   the  .soil  temperature   at  each  depth.     How  can  the 
d'ifferencesbeaccountedfor? 

5«      By  using   the  basic   experimental   deSign  described  in  Part  C, 
investigatrons.  may  be  conducted  to  detyerjaine   if  the  growth^   /  * 
producing  quali^fy  of  sub5;Q,iI  can  be  ^irmproved  by  adding  differ-^ 
enfe  substances   to  it:  cp 

Decomposed  plant  material,   suqh   as   fou^nd  near  .the  X% 
surface  of  th^  soil   in^  wooded  areas,   is   supposed  to;^  • 
improve   the  quality  of  soil.     Does   it?     ^.  «        .  1^ 

It  has  been  said  that  ashes  from  burned  wood  are  gobd  . 
for   the   soil.     Are  J^ey?  ^  y 

There  are  several   organic   fertilizers  processed  from 
the   remains  of  plants  and  animals  or  the  materials 
they  have  produced.     Most  nurseries  or  ^garden  stories 
^       s^ll   them.     Do  the^garden  shops   or  nurseries  in  youi:  * 
community  sell   them?.   If  so,   woul.d  they  add  to  the 
^       growth-prod^i/di-ng  quality  of   subsoil?  "'(TChey  should  be 
added   to  the  soil   in  the   amounts   re<;ommended  by  *the 
processor.     This  will  be  given  on  the  container  ^in 
the   instructions   for  use.)      There  are  many  so-called  * 
comme rcial   fertilize rs   that   are   supposed   to  improve 
the  growth-producing  quality  of   soil.     Wh^ch  of  ^ 
several  brancjs   doe^   this  best  wjjen  properly  applied 
to  subsoil? 
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Actlvlty'2     Yeast  plants  Interact  with  a  Liqifd  Eijyjronment 


In   this  Activity  the* children  are  gl^en  two   "unknown  liquids," 
to  find  'out  what  happl&ns  when  yeast  plants^  are  p''ut  ^into  them. 
After   they  discover  that  yeast  plants   irvteraCt  and  produce  a 
froth  in  one  of  the   liquids  but  not  in  xhe  other,   they  ^e 
challenged  to  specuJate   about  the  nature  of  the  two.  liquids. 
They  find   that  the   liquids   are  water  and  a  sugar  solution*. 
The  chi Idre^  ^then  view  yeast  cells   under  the  microscope  and 
learn  that  yeast  plants, are  one-celled  non green  plants.  Be- 
cause  they  cannot  manufacture   their  own  food,   in  order   to  grow 
by  a  process   called  budding,  -yeast  cells  must  be  in  an  environ- 
ment in  which  there   is   a  f o9,d--sug'ar .  ,  .jWith   this  information 
children  hypothesize  regarding  the   difference  in  the  two 
"unkn<5wn  liquids."     They  then  test   the  hypothesis   that  one  of 
the  liquids  was  a*  suTgar  solution.     Finally,  they ^^re  Encouraged 
to  spe^lat.e  further-  regarding  *the  nature  of  the  gas'  that  pro- 


duces  Jhe  froth  in  the ' interne tion  of  yeast  with  the  sugar 
solution .     -       '      ,  .      ^ -  ^  . 


MaTRPTAT.g    AND    RQTl  J  PMEIS^  T;  t 


4^ 


20 
10 
-  8 
.  16 
16 
8 
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sugar,   granulat-ed,    1  rb    (453  ^) 
packages  of  "active  dry"  yeast,   T/'4  oz    (7  g) 
cups,   plastic  oic  waxed  paper,   1  oz  (3^^^^^^ii^^ 
teaspoons'  >*^^.  ^ 

paper  towels 

stirring  rods,    such  as  popsicle  sticks  ^ 
*  .  ? 

pJL^astic  bags, -11-1/2  in.  by  13-in.  (29  cm  by  '*3  2  cm)', 
^.1  g^.^,  (3.7  liters)  capacity. 


I'l-.pt  j ax /' (OTS  liters) 
1 


 i^jJij^Aeiij!^  .  (0  .  5  IJL  ters  ) 

16    'baby-food  jars   or  their  Equivalent  -  . 

1     or  more=  compound  microscopes  with  lOOx  lense5   and  higher 
.if  possible  ,  ^ 


EKLC 


microscope  slides,   cover  sTips^   and  medicine  droppers. 

  "  '  ,     '  ' 
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MINISEQUENCE  I/Act:ivity  2 


The  number  of  each  will  tr^  determined  by  the  number  of 
microfcopfes  available. 


PREPARATION   FOR  TEACHIRGj 


ERIC 


Prepare   a  sugar  solution  by   mixing  8   teaspoons  of  suga^r  into  one 
pint  of  water.     Put   1/2   teaspoon  of  ye^t  plants   into  eacVi  of 
8  1-oz  cups.     Arrange   the   16>baby-Sood  jars   into  8  pairs.  Into 
one   jar  in  each  pair  put   1  oz  of  sugar  solution.      Into  the  other- 
jar  in  each  pair  put  1'  oz  of  water. 

Yeast  cells   are   so  small   it  is 
impossible  to  see   them  with  a* 
40x  microscope.      Witha  lOOx 
microscope  they  appey  as  shown 
at  the  right;   with  a  450x 
microscope   they  appear  as 
shown  at  the  right  below  As 
you  will  observe,   very  little 
detail  can  be   seen  with-^OOx 
magnification.      However  with 
450x  magni f ication , ^buds  can 
be  seen   forming  on   some  cells. 
It  will  also  be  observed  that 
ceils  may  appear  singly  or  in 
bunches.  ' 


It  is  ex^ti^mely   important  that 
childreja^  have   the-  opportunity 
of  actually  seeing  yjaast  cells 
Therefore,   every  effort  should 
be  made   to  obtain  one  or  more 
m^r  OS  copes  with  at   least,  IClOx 
magnification.     A  culture  of 
yeast  cells   for  observation 
"sTfould  be  prepared  by  thorough 
ly  mixing  just  a  pinch  of  pack 
aged  yeast  cells 
sugar  solution.  . 
will  be   ready  to 
about  20  minutes 
medi cine  dropper 


with   1   oz  of 
Th.e  culture 
examine  within. 
With  a 
put  one  or 


two  drops  on  a  microscope 
slide.     Place  a  cover  slip  over 
the  drops.      rf  a  microscope 
with  botVi  rOOx  and  450x  magni- , 
fication   is  being  used,  observe 
the   cells  with   lOOx  first. 
While  the  microsc'ope^  is\  still 
set  for*'  iOOx"  ob^e-rv^t-ircmT"-  . 
gently  turn  the'  objective  that 
produces  450;§  magnification 
into'  place.  Only»slight 
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MINISEQUENCE  I/Activity  2 


further  adjustment  should  be  reqaired  to  bring'  the  cell 
sharp  focus. 


s  into 


If  you  have  never 
is   important  that 
this  activity,  in  class.  A 
was  presented  in  the  Grade 


used  a  microscope  to  9b serve, yeast  cells,' it 
you  practice   the   technique  be  fore  you  begin 

Mi  Gro  s  cope 


section  on  the  Use  of  the 


5  Teacher's  Guide 


ALLOCATION   OF   TIME:  !t 

Observations  may  be  made  periodically 
hours;  howe ve r ,  •  ac tual  work  will  take 
hours.  ^  ^ 


[ 

over  a  j^^riod 
about  <5ne  and 


of  several 
a  half 


ERIC 


TEACHING  SEQUENCE 


1.      Divide   the   class  into 
working  groups.     Without  tell 
ing  tlV^m  wha*t  it  is,   give  d 
group  bne  of  the  '1-oz  cups  of 
yeast  cells.     Explain  to  them* 
that  this   is   the  material 
with  which  they  will  be  work- 
ing in   this   Activity.  Ask 
them^if  they  can  tell  what 
the  material  is. 


If  they  -cannot  identify  it, 
show  them  the  package  and 
Wri,te   "dry  yeast"  on  the 
cha4'kbcTaVd  .  ^   Encourage  them 
to*  tell  wha£  they  may  k*now 
about  this  material. 


Gi)^e  each  wording  g,roup  § 
pair  of  the   jars  containi'ng 
sugar  .solution  and  water. 
Tell  them  that   these  are  two 
"unknown  liquids       and  that 
the  problem  is   to   find  out 
^hat  the   "unknown  liquids"  ^ 


COMMENtARY 


Groups  of  no  more   than   4  chil- 
dren are   ideal   for   €TiT6 Ac  t  i  v- 
Ety.  • 


In   their   ef f or ts   txr^figure  out 
what  it  is,   enx>^rage   them  not 
only  to  look^t  it,'buf  to 
fe.$I...iA  andy^mell  ^it  as  well^ 
Some  may^e  able   to  tell  What 
itisbythesmell;.'  -  ^ 

Yjsast  was   first  antnoduced  in 
Activity   3  of  Minisequence   IV  ' 
of  Gjrade   5.      If  it   s^ems  de- 
silrabla  to  keep  a   record  of 
some  of  the   th'ings   they^  say 
about   the  dry  yeast,  make 
on   the  chalkboard.      The  chil- 
dre^n  will  probably  suggest 
.that  yeast  makes  bread  rise; 
hence   it   is   used   in  ha^c^nq . 


notes 


54. 


45 


ERIC 


TEACHING  SEQUENCE 


are.     Have   them  review  some  of 
the  methods   they  have   used  in 
other  Grades   to  find  out  what 
various  materials  are. 


Ask*  the  children   if  they  'have 
ever   found  out  what  something 
wa's  by  seei^ig   how   it  inter-^ 
*acted  with  something  else. 


Suggest  that   t^:iey  mix  dry 
yeast  wii:h  each'  of   the  unknown 
l^b^juids   to   find  out  if  if{- 
texaction   takes  place.  Ask^ 
them,  to  ^lace   each  container^ 
of  liquid  on  a  paper  towel. 
Give   each  group  two  s^ti-rring 
rods.  •  Have   them  mik  dry 
yeast   from  one  of   the  cups 
with   each  of  the   unknown , liq- 
uids  *and  stir  ea.ch  mixture 
thoroughly,   us  in g- separate 
s  tirr  ing*  rods  . 


•  What  happens   to   the  mix- 
ture^?    Describe  any  * 
changes  V 


Be  sure  the  children  saw 
clearly  that*  the're  was  a 
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COMMENTARY 


Remind  them  that  a  material ^is 
identified  by  describing  its 
properties •     Its  properties  ' 
may  include  such   things  as  what 
it  looks   like,   how  it  smells, 
how  it   feelTs'^and  how  heavy  it 
seems.      (Caution'  them  aboiit 
tasting  any  unknown  material.) 

In  Grade  4  of  CQPES  red  cabbage 
extract  was  used  to  identify 


vinegar    (an  acid)  -and  •  ammonia^ 
(a  base).'     When  vinegar  inter- 
acts with  purple  cabbage^ ex- 
tract-,   the  solution  turns  red; 
rwhen  ammonia  'in^tera'cts  with 
the  extract,    it  *turns  green. 
Later  in   this   sequence  red  cab- 
bage  extract  will  be'  used  again 
as  an  indicator. 

The   iodine  test  for  starch**has^ 
also  been  used  on  'several  oc- 
casions.     Iodine   solutiop  in- 
teracts w^th  starch  to  produce 
a  blue-black  colar 


■r 


Within   5   to   10  minutes, •  bubltles 
*will   begi'n   t'o   form  in  the  sugar 
solution.      Later  a  brown  froth 
will   form  and  may  run  down  the 
side's  of   the*  sugar  solution 
containers.     There  will*  be 
relatively  little  action  in 
the  container  with  water. 


MINISEQUENCE  I/Activity  2 


TEACHING  SEQUENCl 


rather  marked   interaction  be- 
tween the   dry,  yeast  and%fee 
of  the  unknown  liquids.- 

If  at  all  possible   give  them 
an  opportunity  to  observe 
yeast  cells  under  the  micro- 
s  cope  .  > 


Give   the   children  this-  addi- 
tional informatipn: 

^    a .   Yeasts  B-^^e  s ingle-celled, 
nongreen  ^plantST 

b^  They  cannot  manufacture 
V^heir  own  food^  as   green  ' 
plants  do  . 

c.  They  must  be   in*  an  envi-  , 
ronment  where   there  is 
food,   water,    and  a  suit- 
able '-tempera tlire   in  order 
to  grow  and  produce  more 
yeast  cells.  ^ 

d.  They  produce  more  cell's 
by  a-process   called  bud- 
ding.    When  conditions 

^        ^e   suitable,   small  buds 
form  on**  yeast  cells.  The 
buds   increase   in  size  and 
soon  become  ^ullgrowh 
yeast  cells.     Food  and 
water  must  be   a va liable 
before  this  ,c^n  happen. 
Sugar  is   the  only  food' 
that' yeast  cells   can  u^e. 


use 
yeas^t 


JNow,  ask  the  children  to 
this  information  about 
c?ells  in  stating  an  hypothesis 
r.egarding  'the  principal  dif- 
ference'between  the  two  "un- 
known liquids." 


COMMENTARY 


If  it   is  not  possij^le  to  use 
the  microscope   for  this  pur- 
pose,   draw  on*  the  chalkboard 
the  yeast  cells  as  shown 
earlier .    .  *  ^ 


Draw  a   sec^uence  of  ^ketches, 
sUch.as  these/-  on  the  ch'^lk- 
board  to  illustrate  budding 
and  growth  of   yeast  cfells. 


ERIC 
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TEACHING  SEQUENCE 


ERIC 


♦  What  evidence 
interaction? 
uid? 


was  there  of 
In  which  liq- 


•  What  is  one  possible  liquid 
that  the  unreacting  unknown 
liquid  might  be? 


•  What  was  probably  present 
in  the   liquid  in  which  the 
interaction  look  place? 


•Can  this  hypothesis  be 
^tested?  How? 


Haye  th^e  groups   clean  up,  thej.r 
baby-food  jars.     Ask  one  group 
of:  children  to  prepare   a  sugar 
solution;    as   you  had  doi)e 
earlier,   and  give  each  group 
1  oa  of   it.     Ask  another 
group  to  put   1/2   taaspo'on  of 
dry  yeast  material   into  each 
•group's    1-oz   cup.     Ask   a  third 
group,  to   see   that  all  .groups 
have'  1  ounce  of  water,  in  their 
second   jar s . 


After  all  materials  have,  been 
distributed,,  dry  yeast  materi- 
al  sliould^be  mixed  with  the 
two   liquids   and   the   two  set- . 
ups  observed. 

•  V|hat  is'  the   first  evidence 
=or   ijidication  that  yeast  is 
indeed   interacting  with   the ^ 
«  known   sugar  solution?  * 


Whai 


do  you  think  causes  the 
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COMMENTARY 


The  production  pf  froth   in  one 
of  the   liquids   should  m'ake  it 
(Juite  obvious   that  yeast  cells 
were   interacting  witii  the  liq- 
uid. *    ,        *  • 

The  children  could   sugg^es't  any 
otljer  CO  lor  Less,   odorless  J-iq- 
uid  that  contains   no  sugar. 
You  might  tell  them  it  w'as 
watei?.  ^  '  ( 

Based  upon   the^in formation 
about  yeast  cells,   it  would  be 
reasonable  to  hypothesize  that 
for  such  an  interaction  to  take 
place   the  liquid  must  have  con- 
tained sugar . • 

Eventual ly  the   children  should 
suggest  making  up  or  obtaining 
a   liquid  that  is  known  to  con- 
tain- sugar  and  seeing  i^  the 
same  kind  of  interaction  is 
obtained .         '         ^  -v " 


Bubbles  appear  in  the  solution 


The 


answer 


you  will  pi'obab 


.  / 
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TEACHING  SEQUENCE 


ERIC 


bubbles? 


2.     Have  the 'children  suggest 
methods  by  which  you  could  be 
more  certain'  that  a  gas  was 
being  produced  as  yeast  in- 
teracted with   the  sugar  solu-" 
tion. 

'Show  the  class  one  of  the  com- 
pletely deflated  plastic  bags. 
BlovT  a-  small  amount  of  air 
into   the  b^g  and  ask  the  chil- 
dren  to  describe  what  is  hap- 
pening.    Blow  a  Little  more 
air  into   the' bag.      Again  ask 
, them  to  describe  what  is  hap- 
pening.    Now  completely  in- 
flate  thfe  bag. 

Give  each  group  a  plastic  bag.' 
Ask  them  to  prepare  a  fresh  ^ 
mixture-  of  yeast  cells  and 
sugar ^ splution^     However,  this 
timex  they  .should  use  1  cup  of 
sugar   solution  and  an  entire 
package  of  dry  yeast  material 
should,  be  mixed  with  it.  The 
container  of  mix  should  be 
placed   inside  a  deflated  bag 
and  the  bag  closed  with  a 
rubber  band. * 

Suggest  that  the  children  take 
turns   observing   the  b^a^yer 
the  jiext  2  hottrls / 


•  When  do  you  firs-t  notice  a 
change  in   tjie  bag? 


Conclude   this  Activity  by  as-k- 
ing  the  children  if   tfhey  know  ^ . 
what  gas  is  given  -off. by  yeast 
cells  to  their  environment 


COMMENTARY 


get  is   that  gas   fs-being  pro- 
duced . 

Encourage  discussion  of  methods 
for  demonstrating  this  more 
convincingly . 


The  demonstration  should,  be  a 
clue   for   the   children.  They 
should  suggesfa  method  where- 
by  the   gas  given  off^y  yeast 
cells   in   the  sugar  solution 
may  be  used  to  inflate  the 
plastic  bag.      If  they  do  not" 
make   the   sugges^fion,   you  might 
of'fer  it. 


Make^  certain  that  the  b^g  is 
completely  deflated.  - 


The  volume  of  gas  produced  by 
the'  yeast  i:ells  will  not  be 
suf f icient *to  blow  up  the 
plastic^bag  completely  in  less 
than'about  4  hours.  However-^***- 
in  about  2  hours ,   there  will  be 
enough  of   it  ^to  distend  the  bag 
noticeably  * 

In^  asking   this  question  fempha- 
si'ze^  the   fact  that  the'  gas  is 
given  off  by  the  yeast  cells 
to   their^  environment.      In  other 
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TEACHING  SEQUENCE 


.when  they  interact  with  a 
solution  of  sugar. 


*Tell  them  that  in  later  Activ-\ 
ities   they  will   find  out  more 
about   this  gas. 


COMMENTARY 


words   the  yeast  is  .getting 
something  Msugar)    from  i^s 
environment .      It  is  also  re- 
Iturning  something,   a  gas,  to 
.the  environment^. 

As"  suggestions  are  made  rega^rd- 
ing  the  gas^  write   them  on  the 
chalkboard.      If  carbon  dioxide 
is  mentioned,   do  not  indicate 
that  it  is   the  correct  answer. 
Save  the  chalkboard  ^ecord^ 
for   the  next  ^Activity. 
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Activity  3      Interactions  that  Produce  Carbon  Dioxide 


The  children  begin  this  Activity  by  discovering  that   the  gas 
detected  during  the  growth  of  yeast  cell>s  causes   the  same  kind 
of  change 'in  a  cabbage   extract  as   their  own  exhaled  breath,  '  The 
gas  tl^at  causes  these   changes   is  cJarbon  dioxide.     They-then  go 
on, to  investigate  a  wide  variety  of  living  things  and  again  find 
the  same  kind  of   interaction  with, the  cabbage  extract.     In  this 
way  the  concept  is   introduced   that  organism^s  give  off  carbon 
dioxida.     A  second  objective  of  this  Activity  is   to  demonstrate 
the  concept"  that  when  an  organism  changes,    its   environment  may 
also  change.     In  t)m^  way  children  are   introduced   to   the  two- 


sided  rvkture  of  jkf  1:^  interac  tion  between  living  things  ^nd  the 
environment.  *      ^  ^ 


MATERIALS   AND  EQUIPMENT: 

sugar,   gjfanula  te^d ,    1   lb    (453  g) 
1    'rec^  cabbage,   medium  size 
1     hot  plate 


.  1     sauce  pan,    2-qt  (2-liter) 

2     3-qt    (^-liter)    jar s^  wi th *  1  ids 

1  jar  with   lid,    1-qt    (1-liter)  ^ 

\ 

rubbing  alcohol,   1   qt  ,  1 

ammonia,   household,    1  oz    (30  ml)  . 
vinegar,   1  oz    (30  ml)  f  - 

5  medicine  droppers  - 

20     packages  of   "active  dry"   yeast,    1/4  az    (7  g) 
> 

15     labels,  I  in,   by  2   in,    (2-1/2  cm  by   5  cm) 

2  pitchers 

1     bicycle  pump  with  hose 

6  teaspoons  -  ^ 
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supply  of  paper  towels 
plastic  wrap 

1     package  of  radish   seeds  and  dishes   for  germination 

s  *  '  -  ^ 

fresh  fruits,  such  as  tomatt)es,  bananas',  apples,  grapes, 
plums,  apricots 

*  »  • 

,  ^fresh  vegetables*   (not  green),    such  as   darrpts,  potatoes 

flower  bjLids 

% 

100     meal  worms    (obtainable .  *from  a  pet  or  aquarium  supply 
store)  J  ♦ 

For   each   child  you  will  need: 

1  tdrinking   straw  ,  -  . 

1     polyfoam  cup,    6-oz  (180-ml.) 

,        ,  .  .     f  .  . 

1     baby-rood   jar  or  similar   small  container 

1     wide-mouthed  glass  ^r  with  lid.      Jars  may  bfe  1-qt 

(1   liter)  ,    2-qt   .(2   liter)  ,    or   4-qt    (4^1iter)  capacity. 
Mouths  of   the    jar s''  should  be   at  least   3-in.    (7-1/2  cm) 
wide.     Other  wide-moufched   transparent'  containers  of 
similar  capacity  may  be  used. 

1^    stirrer   such   as   a  popsicle  stick 
PREPARATION    FOR  TEACHING: 

Cat   up  the   red  cabbage   and  boil   it   for   5  minutes   in  4   qt  of 
water.      The   purple  liquid   thus  producej*  is   cabbage  extract. 
(See  Minisequence   IV,    Activity  1   of  Grade   4.)      After   4^  has  ^ 
cooled,'   fill   each  of   the   3-qt   jars   half  fuj.1.      (This  will  use 
upf  3  qt$  of   the   extract.      The   remaining  1   qt  of  cabbage  extract 
can  be  used   as   indicated   in   the  next  paragJ-aph.)      Put- one  of 
the   3-qt   jars  of   the  purple. extract  in  a  refrigerator \  It 
-Should  be  labeled   "cabbage   extract."     Ref r^igerati^on  retards 
the   growth  of  mold  and  bacteria.      This   extract  will  be  used  in 
Sections   1  and  2   of  this  Activity.      Now  mix  a  quart  of  rubbing 
alcohol  w.ith   the   1-1/2  qts  of   red  cabbage   extract   in   the  other 
3-qt   jar.      This   is   now  a   solution'  of   the   extract  containing  both 
water  and  alcohol.     The  alcohol  also   retards   the   growth  of  mold 
and  bacteria.     Thus   the  alcohol  solution  of"  the   extract  does 
not.  need   to  be  stored  in  a   refrigerator.      It  will   remain  suit- 
able  for  ^use   until  you  are   ready   for   it  in   Section.  3   of  this 
Activity.      It  is   a  good   idea   for   the'  children   to  be  involved 
in  the  preparation  of   the   extracts   so   they  will  knpw  where 
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the  liquids   "c«ine   from"   that   they  will  be  working ,  with .  ^ 

Immediately  before   using   either  of  the  extracts   in   the  Activity, 
you  will  need   to   add^ammonia   drop  by  drop  with  continuous  stir- 
ring until   the  color  of   the   extract  is  bluish-green.      It  is 
suggested  that  you  use   the   leftover   1  qt  of  pu,f  pi  e ,  ex  t  r  ac  t  to- 
practice   this  procedure..    Do  not  add  more  ammonia   than  n'ecessary 
because   too  much  will   cause   the  pigment   to  break  down   slowly  and 
turn  irreversibly  yellow.     You  have  added   too  much   if   the  ex- 
tract becomes  deep  green.      If  you  do   this   accidentally,    add  some 
vinegar  drap  by   drop   to   restore   the  bluish-green  color. 

Before  beginning   Section   2  of   the  Activity,    be   sure   the  follow- 
ing materials  are  arranged  on   tables   in   the  classroom: 

1.  30  wide- mouthed  glass   jars  or   substitute  containers, 
each   filled   to   a  depth  of  about   1/2   inch  with  the 
previously  prepared  bluish- green  cabbage  extract. 
The'  size  of   the  containers   can  vary,   but  you  should 
have   2   containers   of  the*  same   size   to  give   to  each 
working  group.      The  opening   in   the   containers  should 
be-  wide  enough   to  make   it  possible   to  pPace   a  cut-  " 
down  polyfoam  cup   in  the  bottom  of   the   jar,    as  sliown 
in   the   diagram  on  page  57^    ,       ,  • 

2.  30  «6*oz  polyfoam  cups  which  have  been  cutf  down   to  i'T- 
'^^oXxt   2   inphes.      Hall  of  the  cups  ^hould  contain  aboat: 

2  ounces  of  sugar  ^  solution  and  should  be  labeled  ^'S.*'  < 
The  other  haXf  should  contain  the  same  *amount  of.  water  " 
and  should  be   labeled  "W." 

*    3.      30  stirrers,    such  as  popsicle   sticks,  ^  ' 


4.     Five  babyfood   jars,    o)t  other   small  containers,    each  with 
3  packages   of  dry  yeast   in  it.     Arrange   the   con taineri,^/ 
in  places   on   the   tables  where  it  will  be  conVenie.nt  f.dr 
Children  to  obtain  one   teaspoon  of  dry  yea^st   from  the|n. 
,  p,lace   a   teaspoon  beside   each  container.  ^ 

^Twenty- four  •  hour  s  before  beginning  'Sectioji   3  of  the  Activity, 
set  out  about  50   radish   seeds   to  germinate   on  moist  paper 
tpweling.      Lightly  cover   the   germination  dish  with  plastic 
wirap  or   a  plastic  bag   to   retard  evaporation*.     Other  seeds 
than  radish   can  be  used  but   they  willi  take   longer*  to  germinate. 

.  ,  ■  I     •         ?■  ^ 

ALLOCATION   OF    TIME:  ' 

The  investigations   and  observation  of  results  will   extend  orver 
a  period  of   a  few  weeks*.     'Actual  plass   time  will,  be   2   to  3  ; 
hours.  '  '  '^^^  -      '  >f 


MINISEQUENCE  I/Activity  3 


TEACHING  SEQUENCE 

f-  • 

1.      Introduc*e  the^Activity  by 
asJ^ings^he  children  to  take  a 
deep  breVth  o*f  fresh -air,  hold 
it   for  a, while,   and   then  ex- 
hale it. 


Now.  ask   them  to  tell   in  what 
ways  their  exhaled  air  was 
different   from  the  fresh  in- 
haled air. 


After  it  has  been  suggested  , 
that  exhaled  air  contaiii^  more 
carbon   dioxide  than  inhaled 
air,   tell   them  that   there  is 
a  way  that  this   can  be  shown. 


Distribute,    in  one  of  the      -  ' 
small  containers,   a   1-oz  sam- 
ple of   the  bjuis^h  green  cab- 
bage extract   to "each   child. * 
Keep  some  o»f  .  the  original 
extract   for   later  comparison . 
Identify  the   colpred  liquid* 
as   an  ext^ac t  made  from  boil*^ 
ing  red  cabbage  and  then 
treating  it,^  with  ammonia. 


Distribute  a  straw  to  each 
child,    ask  them  to  use  it  to 


COMMENTARY 


You  should   feel  free  to  use  any 
technique  here  that  will  call 
their  atztention  to  the  breath- 
ing process  and  eventually  to 
the   question  of  how  the  air  W€ 
breath  out    (exhaled  air)    is  ' 
diffei^ifent   fr^ojn  the  air  -we  br^'ath 
in    (inhaled-aifl  . 

They  may  b'fe-^.^;^lat  i ve  ly  well 
informed^  on   this  "subject  based 
upon  what   they' have  heard  or 
read  previously.      Exhaled  air 
is   generally  warmer',,  moister', 
and  contains  more  of  'a  gas 
called  carbon  dioxide  1:han  the 
surrounding  air.     Tjji^ey  can  - 
demonsti^te   that  it  is  moist 
by 'observing,  condensation  when 
they  breathe   on  a  cold  surface. 
Theyican  also  demonstfrate  that 
it  is^ warmer  by  breathing  on 
the  back  of  their  hands.*  The 
exhaled  air  will   fee  1  warmer 
than   the' fresher   air  surround- 
ing tjieir  hands. 


So-called  fresh  air  also  has 
carbon  dioxide  in   it.  The 
point  here 'is  that*exha1ed 
air  has   proportionally  more 
carbon  dipxide  in   it.  pur 
bodies  put  additional  carbon 
dioxide   into   the  air:. 


t(t  is  desirable  to  show  them 
how  yo,u  did  this.  Children 
who  l\ave   had  the  experiences 
in  Minisequence   IV  of  Grade  4 
will  be   familiar 'with  thLs  * 
color  ohang'e  . 

Caut ion :  Th«  children  should 
be  instructed  not  to  suck  the 
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TEACHING  SEQUENCE 


exhale  air  gently   into  their 
liquids.      Ask  them  to  observe 
any  changes   in   the  liquid. 
Compare   it  with   the   sample  of 
extract  befqre   exhaled, air 
.was   blown  through  it.    '  ' 

•  How  did  ,the  'extract  change 

^as'exhaled  air  was  blown 
.  through   it  '^  . 


y 


•  How  long  did  it  take? 

•  What  did  the  color  change 
indicate? 

*Teri  th'em  that  it  was  the 
carbon  dioxid,e  in  the  air 
that  caused   the   color  change 


Now  ask   the   question:  Since 
fre-sh.  air  has  some  carboti 
dioxide   in   it,^how*can  yau 
be   sure   tfiat  our  bodies, 
.through  breathing,   were  ac- 
tually putting  more  carbon 
dioxide   into   the  air? 

They  could  set  up  a  control-  in 
whiqh^  fresh    (unexhaled)    air  is 
bubblad   through' an  equal  vol-^ 
•ume   of  extract.    .  * 


< 


I- 


# 

2. 


What  happened  in  Activity 
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COMMENTARY 


liquid   into   t he ir  - nrou t hs . '  'By' 
using  water,,  you  might  demon^ 
s tr ate   the  correct  procedur-^ 
of   first  inhaling  and  then  ex- 
haling slowly  into  the  straw. 


^  It  changed  color   f-rom  bluish- 
green  to  blue  and  then  to 
*--l^-ve n derto  purple. 

About   1  minute.^ 

The  air  or  sometl^ipg  in   it  was 
interacting  with'  the  extract: 

As  carbon*  dioxide  dissol\fes  in 
water,   a  we^k  acid'c^lled  car- 
bonic acid   i'i  formed.  The 
change   in  color' was  actually, 
caused.vby  intreasing.  the  acid- 

'ity  of  the  extract.     This  kind 
of  change  was  also  demonstrated 

*in  Minisequence   IV  o^f  the  COPES. 
Grade*"  4  materials.      '   ,  ) 


Let  tho^^hi  Idren  discuss 
to  do   this .     ,  '' 


ways 


To  do  this,    the^y  can  use  a 
bicycle  pump.     Since   it  may 
take  almost  an  ho,ur   for  the 
carbo'n  dioxide   in  fresh  air  to  ^ 
produce  a  color  change,  it 
mf ght  be  des irable  to  conduct 

^  this   test  as  a  class  project. 
Children  could   take-  turns  work- 
ing in  pairs,  one  child  pumpin'g 
dnd  one^  holding  the  container 
of  extract.     Care  should  be 

.taken  not  to  bubble^the  gas- 
through  the   extractr  so  vigor- 
ously  that  it  JdIows  extract  . 
f  rom  t'he  container . 
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TEACHING  SEQUENCE 


2'when  thfe  yeast  cells  grew? 

Remind  ^he  children  that  they 
had  previously  joDad^e^  sugges- 
tions about  wha^  t'hat  gas  may 
be.     Use   questions   such  as 
these    to  direct   the  discus- 
sion: 

• •Ls  it  possible  that  the. 
gas  may  have  been  carbon 
dio*xide?     How  could  you 


find  out? 


Encourage  them  to  suggest  . 
several  methods  by  which  the 
gas  given  of-f  by  the  yeast 
cells   as   they'  interact  vn.th 
a   sugar   solut-ion  could  be 
tested  with   the  extract. 


One  such  method/   which ^they 
can  'easily   follow/    is-  to  put 
both  the   extract  and  a  (sep- 
arate)   yeast  solution  into'  a 
•closed  system  and  see  if'  the  ^ 
trapped  gas   that   is  generated 
will   affect   the  color  of  the 
extract   i-n   the  same  way  that 
breathing  into   it  did. 

Arrange   the   class   into  working 
groups   of   two.      Show  the  chil- 
dren ^he  assembled   equipment . 
A^k  each  group  to  do  the  fol- 
lowing:     Put  an  open  container' 
of  a  well-s tirre'd  mijtture  of 
dry  yeast    (1   tsp)   and  sugar 


COMMENTARl^ 


^  gas   formed.  ^ 

Show  them  the   list  of  their 
suggestions   that  were  written 
on   the   chalkboard  during  the 
last  Activity . 


The   discussion  should'^lead  to 
the'  suggestion  that   the  cabbage 
extract   could'be   us^d  as  an 
indicator .       '  ^ 

Some  children  may  suggest  that 
the   extract  be  mixed  with  the_ 
sugar  solution.      If   they  try 
this   they  will  discover  that 
the   colof  do^s   not  remain 
clearly   identifiable  when  t^e 
dry  yeast  jjiatejrial  is  added. 
Another   suggestion  might  be 
to   fasten  a   tube   to  a  con- 
tainer of  active  yeast  cells 
in  a  solution  of  sugar  and  let 
the   gas   bubble  through  the  ex- 
tract.    This   is   a  good   idea  but 
diffj-cult   to  '"'c^a^ntr/0 1  without 
special   laboratory  bottles/   (  ^ 
stoppers  and  tubing. 


As  indicated  in  the  PreparatioTi 
for  Teaching/  each  wide-mouthed 
jar  should  contain  about  1/2  ^in 
of  bluish  green  cabbage   extrac t 

the   dry  yeast  should  be  added 
to   the   open*/   cut-down  polyfoam 
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■   '  1  ■ 

TEACHING  'sequence 


^solution    (2   oz)    into  one  wide- 
mouthed  jar  and  close  it 
tightly.      Put  an  open  con- 
tainer of  a  well-stirred  mix- 
tur^e  of  dry  yeast    (1  t^sp)  and 
water    (2   bz)    into  the  other 
wi(4e-inou thed   jar  arid  close  it 
tightly.      Each   jar   should  look 
like  the  one   in   the  illustra- 
t ion  . 


After   the   experiment  has  be^l^^^ 
set  up,   suggest   that  the  chil- 
dren discuss   the  changes  they 
expect . 


What  evidence 
action  do  you 
each  case? 


of  inter- 
predic  t   in • 


The  children  should  observe 
the  systems  ffer iodically  for 
about   30  jninutes. 


COMMENTARY 


-I 


,tut>s  of  water  or  sugar  solution 
stirred*,  and  'then  placed  in  tHe 
jars'.  , 

This  will  be   the   contiSuil   se t- 
u^.^    Yoii  might  also  wantHa  - 
set   up  at   least  one   jar  con- 
taining   only   the   cabbage  ex- 
tract to  s"ee   if   there   is  any 
change   cfbm p YeFe^Y''^ap'a^tr''£Yo^ 
the  -yeast . 


Based  upon  previous  experience 
the   children  will  probably  i^r e- 
dict   that   the  s%igar  solutions 
and   yeast  will   interact  ^nd 
bubbles   of  gas  'will   be  pro- 
duced.     The, water  and  ^yeast 
cells  will   show  no  apparent 
interaction  and   no  gas   will  be  * 
proxiuce^.     The^'gas  produced  by 


the  yeast  cells  and' 
tiqn -may  interact 


sugar  solu- 
with  the  cab- 
bag^  extract  in  .the--,  same  way 
exhaled   air  did. 


as 


Have*  the  groups  mak^  observa- 
tions at   5-min  intervals.  With 
in   30  minutes  or   less,  the 
yeast  cells   in  the  sugar   soju-  • 
tion.will'produce  enough  carbon 
dioxide   to  cause   a  color  change 
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TEACHING.  SEQUtN'CE 


Use  quest»ions  suqh  as   these  in 
discussing   the  resultg: 

--♦--W-h-a-t— w^e-re— t-h^— paTrts  -o-f^  -t  h:e^ — ~ 
closed  system ^within  which 
•^the'  sugar  solution  and  yeast 
cells   were  placed? 


•  What  evidence  was  there*-^ 
that  the  yea§t  cells  and 
the  sugar  solution  were 
interacting?  - 

•  As  gas  Vas  formed  and  left 
.  the  cup., 'where  did  the  gas 

probably  go? 


•  With  what  in*  the  system  ^Id 
the  cabbage   extract  have 
direct  contact? 

9  Through  what  part  of  the 
system  did  the  gas  prob- 
ably g'^ t  j(nt?o  the   extj^^ t ? 


9  What   i4  the   evidence  that 
the  geiS  was   carbon  dioxide? 


•  crow  did   the   yeast  cells 
[change   their  *lmmedi$te- 
environment  within  the  » 
sugar  solution? 


COMMENTARY 


(bluish  g  reen— ►blu^—^la vender ) 
-4rn~-^he  cabbage ^^tract.  As 
predicted,    theFwater  control^ 
will  not  show  a-ny  apparent 
c^^a^nge 


yeast  ^^4^Ls  and  ^ug^ar  solution, 
the  polyfoam  '^up  containing 
the  mixture,    the  cabbage  ex-'-  ~^ 
tract,    and   the  air  within  the^ 
jar.     ^  • 

Fr.o th  appeared  #nd   filled  the 
cup  as  Ijpefore.     IThis  w^s  evi- 
dence'that  a  gas  was  being 

'  formed ^ 

*- 

The  gas  "went  into  the  air'  that 
was  IB'  the  system,    just  as,  our 
exhaled,  gases  go  int?o   the  air 
surrounding  us . 

The  bottom  of  tjie   ja^,  the 
outside  of   the  cup,   and  the 
air,  . 

It  might  havq  gone  through  the 
cup  but  since   the  cup  did  not 
leak,    it  probably  went  through 
t^he  air,  ^ 

It^  interacted  With  the  cabbage 
extract  and  caused  it  to  change 
color , 

They  used  the^sugar  as  food, 
althpugh*  this  cou^d  not  a-ctual- 
ly  be*  olDserved .     Here   is   an  ab- 
'breyiat^d*'  e^^planation  of  what 
happens:      In  ^  sugar-solution 
environmeift  yeast'cells  'produce 
chemical  substances  called  en- 
zymes  that   interact  with  'sugar 
to''  p'roduc e  alcohol,  carbon 
dioxide,    and  tieat-  energy.  This 
i.s   called  alcohp44jc^  fermenta- 
tion.    It  is   the  prA^ess  that 


*   '    MINISEQUENCE  I/Activity  3 


TEA.CHING  SEQUENCE 


•.How  did  the  yeast  cells 
•  ch'ange  their  larger  environ- 
ment within  the  closed  :jar? 


•  what  would  you   expect  to' 
happen  to  the  ye«ast  cells 
when  the   food  in  their 
immediate  environment  had 
all  been  used? 


Ask  each  group  t^o  describe  the 
f  yeast  and  sugar-bolu tion  mix-  . 
ture  at   the   conclusion  of        ,  ' 
thei-r  experimeiit.     On^  member 
^of  trhe  ^roup  can  pour»the  mix- 
ture into^a  larger  container 
'such  as  one   of  athe  baby-^food 

jars.     Each  jar^  should  be  ' 
-labeled  with  the   name  of  the 
mix'ture,   the  date,   and  the 
names  of  members  of  the  tTam?^ 
It  should , then  be  set  aside 
ind  observed  daily  for  at 
east  a  week. 


Afte^r  'a  week  ask  children  to 
^report  their  observations  and' 
discuss  what  the   results  may 
indicate  about   the  changes 
that^  have  taJ^n  place  in  the 
sugar-solution  -environment  of 
the  yeast. 


COMMENTARY. 


is  used^n  producing*  all  alcg- 
holic  beverages,    afe  well   as  , 
commercial  alcohol.  'J^lany 
sources  of  sugay  may  be  use*, 
such  as   fruit  juice,  grain, 
and  molas-ses  •  * 

Carbon  dioxi(?e  was  put  into  th'e 
air  in  the   jr^r  and  eventually  .  • 
it  went   into   the   cabbage  ex-, 
tract.     The   fact   that  t)i^  ex- 
tract changed  color  was  evi- 
dence that  an  •  interaction  was 
occurr ii^  . 

The  children  may   Suggest  that 
the  yeast  cells  might  eventu- 
ally  die   if  ,the   food  became 
used  up-.     In   that  'case,  they 
would  no   long er  produce  c^arbon 
dioxide. 

'  ■  ■ ,  J 

Their  description   should  o.n- 
clude  its   frothiness/   and  its 
yeasty  smell.     Some  children^ 
may  detect  the  odor  of  alcohol. 
From  day'  to  day  there  will  be- 
less  and.  less   froth/'  indicating 
reduced  carbon  dioxide  producnj^ 
tion;   which  ma*y^n  ttTrn  indicate 
a  reduced  foQd  supply  and^a 
decrease   in^t^he   tot^l  number   "  ^ 
of  yeast  cells-     After  a  week  ^' 
^^he   froth  wild  have  practical- 
ity disappeared  afnd   the  liquid 
will  have  bfecom^^rela t i ve ly  " 
clear,    indicating   fewer  yeast 
'cells.,  'The  odpr  will  change* 
to  a  yeasty  alcoholic  9n'e   and  " 
then  to  a)  vino^gairy  o*ne.  ** 

The  yeast  cells  changed  their 
environinent  and  as  a  result,  - 
fewer  of   them  Aould^  Live   in'^    .  ^ 
it.     The   idea   that  yeast  cells 
could^no   longeji^'  live   in  it  can 
be   tested  by  adding  a  hal^ 
tea^oon  of  fresh  y e ji^^4;^,jb» t e - 
rial   to  the  remalnin^^  liquid. 
If   this   is  done,    there  will  be 
no  action  because  when  there 
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TEACHING  SEQUENCE 


3.     Suggest  that  the  children 
continue   to  work  in  pairs . 
Show  them^  the  alcohol  solution 
of  the  cabbage  extrac't  and  ex- 
plain how  it  was  prepared  and 
why  it   is  necessary  to  use  an 
al^cohol-water  solution  and  not 
just  the  water  solution  used 
earJLier. 


Demonstrate  how,   by  adding 
ammopia  drop-by-drop,  ^he 
color  of:  the  "extract  vis  again 
changed  to  a  bluish-green. 
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COMMENTARY  / 


is   no^  more   food;   t^ie  environ- 
ment becomes  a  less  favorable 
pl^ace   for  yeast  cell  produc- 
tion.    Their  rate  of  Reproduc- 
tion decreases  markedly  and  the 
cells  go'  into  a  resting  stage 
in  which   they  no'^'longer  repro- 
duce.    If  conditions  .remained 
unfavorable^  for  a   long  enough 
period  of  time ,   the  cells  would 
die.'    HoweVer,    yeast  cells  are 
able  to  maintain  themselves  in 
the  resting  state  for  many 
months . 

s 

The  children  have   learned  'Ihat 
humans  and  yea'st  plants,  J>oth  ' 
living  things,   produce  carbon 
dioxide.     The  poirpose  of  this 
Section  is   to  enable  them  to 
see  that  one  way  in  which'many, 
if  not'  ail,    living*  thin'gs 
change  their  environment,  is  by 
the^ production  of  carbon  diox- 
ide . 


This  Section  will   extend  ov^ 
a   longer  period  of  tiija^than  - 
was  required  for  the /yeas t . 
Therefore   the  bacteria  or  molds 
which  are  always  present  in  the 
air  are^  more   likely  to  grow  in' 
the  cabbage  extract.     If  the^e 
do  grow  in  the  exifract,  they 
will  cause   a  col,or  change  which 
will   interfere  with  the  experi- 
ment.    The. 'alcohol  prevents 
mold  and  bacteria  from  grow- 
irf^,   but  does  not  affect  the 
ii^teractloft  of  carbon  dioxide 
with  the   extract..  ^ 
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TEACHING  .SSQUERCE, 


J- 


Next,    encourage  each  pair  of 
children  to  select  a  ^different 
t^e  of  living^thing    (organ-  * 
ism)    from  those  listed  below: 

Germinating  seeds 


Fresh  Fruits 


Fresh- Vegetables 


^Flower  Buds 
Mealworms 


COMMENTARY 


Radish  seeds    (about  50)  which 
a^e   j.ust  beginning   to  germinate 
(about   24   hours  a^ter  sowing'-on 
moist  paper  toweling)   will  pro- 
duce  enough. carbon  dioxide  to 
change   the   golor  of  the  extract 
if  kept  overnight.     Othef  seeds 
wKich  are   just  beginning  to  ' 
germinate   should  also  W6rk  well 

Many  whole   fruits  wil*l  produce' 
enough   carbon  dioxide   to  change 
the  ^olor  of  the  extract  within 
a   few  hours.  -  These  include 
tomatoes,   apples, • bananas, 
peaches,   oranges,   plums,  'and 
apricots.      Tomatoes  will  'give 
the  quickest  change    (about  2 
hours')  .  ^ 

Pieces  of  carrot  and  potato 
produce   enough   carbon ^dioxide 
to  cause  a   change   in  the  cab- 
bage extract  if  left  overnight. 
Green^vege tables  jsuch'a^  spin- 
ach,   in  addition  to  producing ' • 
carbon  dioxide,   utilize  it  in 
photosynthesis^  and  *  are  there- 
fore unsuitable   for  this  exper- 
,  iment .  ^      ,  ^  ^ 

Fresh   flower  buds , ^ such ^as  rose 
buds,   prodtace  enough  carbon  di- 
oxide  to  change   the  color  of 
the  extract   in  3   to '4  hours." 
«  * 

About   100  mealworms  will  pro- 
duce enough  carbon  dioxide  €o 
change   the   coLor  of^the  extract 
in  about   3   to  4   hours.  The 
mealworm^   should  be  placed  "in' 
a  container  with  6teep  glass' 
or  plastic   sidles  so  that  they 
cannot   crawl  out.      If   the  meal- 
worms  do  not  produce  enough 
carbon  dioxide   in  about   3  to.  4 
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TEAC.HING  SEQUENCE 


Have  one  child   from  each  pair' 
take  two  equal-^si^ed  wide- 
mouthed   jarg.     The  bottoms 
of   th'e   jars'  should  be  covered 
'with  the  bluish-green  cabbage, 
extract   to  a  depth  of  about 
1/2   iiich.  } 


Thep  a-sk  each  group  to   find  a 
way  to  place   its  selected 
organism   into  one  o,f  its 
containers  without  having 
it   contact   thie  extract. 

Close,  the   container,    and  ob- 
ser.ve*  it  periodically   for  any 
change  sT. 


The   secoTid   container'  is  the 
control   and  should  be  prepared 
in   the  'same  manner  .but  without 
the  organism. 

^  •  What  change  occurred? 


hours / 
or  the 
them. 


COMMENTARY 


they  should  be  removed 
alcohol   fumes  will  kill 


The  jars  should  be   large  enough 
to  hold  the  chosen  organism 
without  an  unneces's arily  large 
surtounding  air, space.  Therei 
will/    of  course';   be   a  greater 
volume, of   extract   in  a'gallon> 
jar  containing   1/2    inch   of  ex*- 
tract   than   in   a  quart  ^ar,  but 
this  doesnjt  m\itter.     Only  ' 
qualitative    (color)  changes 
are  being   investigated*  here. 

The  pitchers  should  be  used  ' 
for  pouring  the   extract  into 
th'e   jars.      It   is  a   good   idea  '  • 
to  appoint   1  pair   of  childrgn 
as   the   "pourers.'^     Each  x:hild 
can  take  a  pitcher,  and  go  to 
6ach  group   to  pour  extract 
in  to  the  jars. 


The  organisms    should  not  be, in 
contact  with  the  cabbage'  ex- 
tract.    The  children'  may  'sup- 
port  them  on  freshly  cut-dowA 
po lyf oam  cups /   or  other  suit- 
able  holders  such^as'  small 
aluminum  panS/   or  dishes. 

Ty}\ e  control   confainer  should 
b^   the  same  si2'e  as   the  exper- 
imental cpntainer. 


In  most  caseS//  the  bluish-green 
extra ct  will  have   turned  blue, 
although,    depending  on  the 
length  of   time  .the   system  ia 
lef  t  ^tanding,    as  wel.l  as  on 
ot hex  var^^bles ,   thfe  color 
may  change   to  'lavendar  or  > 
purple  and   even  eventually'  ( 
to  red .  '  '  ' 
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TEACHING  SEQUENCE 


•  When  did  a  change  oc^ur? 

•  Over  what  period   of  time 
did   the   change  occur? 


Conclude  the  Activity  with  a 
dis'cussion  of  questions  .such 
as   the  following: I 

•  In  what  way  have   you  found 

the  organisiSs  (living 
•thirtgs)    investigated  in 
this  Activity   to  be  alike? 


•  How  did. these  organisms 
change   their  environment? 


COMMENTARY 


The  children  sljiould  be  encour- 
aged to  discuss  and  compare 
their  resul^.     Let  them  sug- 
gest ifeasons   for  differences. 
This   should  be   ^n  open-ended 
discussion  / 


fll   the  organisms   investi-  # 
ated--children  and  mealworms 
animals) ,   and  plants  (seeds, 
etc . ) -yproduce  a  similar  kind , 
of  color  change  in  bliiish- 
green   cabbage  extract.  The 
substance  which  caused  the 
change   is   carbon  dioxide.  All 
of   these   organisms,  -t-h^refore, 
although  completely  different 
in  appearance,   share  a  common 
interaction  property. 

They  changed  their  environment 
by   adding  carbon  dioxide  to 
it.     This  was   indicated  by  the 
col or  change   in  the  cabbage 
extrac  t . 


EXTENDED  EXPERIENCES:  ^ 

Microorganisms  of- many  different  kinds   can  bja  grown  by  putting 
.  "^.il^ost  arty  kind  of  organic  material  ^in  jars  of  water\and  letting 
iVstk'nd  in  a  warm  place   for  one  or  more  weeks.  Driedshay, 
dried  grass   cuttings,   dried  lettuce,   and  dry  lima,  beans  >york 
very  well-  for.  this   purpose.     One-pint  jars  are  a  good  sizfe  to 
I    use.      If  tap  water   is  chlorinated,    it  shduld  be  boiled,  ^tip  force 
j  out  any. chlorine  gas,   and  allowed  to  cool   to  room  temperature 
\  before  using  it.     About  an   inch  of   the   dry  organic  material  * 
should  be  put  on  the  bottoi;^  of  the   jar.     The  jar  should  then 
be   failed  abo'ut   two~thirds<*  full   of  water.      The  uncovered  jars- 
should  be  kept  in^  a  reasonabl^A  warm^  plape . 

,  I  *  *  i  . 

After  about  one-week  the  water  will  become  turbid.  Bi/bbles  of 
.gas  will  begin  to^appear.  These*are  signs  that  microorganisms 
are  beginning  to  develop..  Within  another  week  the  mixture  will 
ha-ve  acquired  a  distinct  odor,  another  ^ign  of  life  within  the 
jar.  If,  after  two  weeks,  drops  of  water  from  the  mixture  are 
examined  with  a  microscope,   using   lOOk  and  450x  magnif icat^roli,^ 
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a  variety  of  microscopic  animal  organisms  can  be  observed  swim- 
nvLng  around. 


One  question  that  children  are   sure   to  raise  is:      "Where  did 
they  come   from?"     The  organisms  were  probably  on   the  ^organic 
materi-al  in  a  resting  stage,  -or  floating  around  in   the-  air. 
The  mixture  of  organic,  material  and  water,  ^along  with  -a  reason-  ' 
ably  warnv  temperature,   prov.ided  the  organisms  with  an  environment 
ment  within  whrch  they   could  grow  and  reproduce. 


as 


After   several  weeks   the   odor  produced  by   the  microorganisms' 
they  decompose   the   organic   material  may  become  quite  unpleasant. 
However,    if  the  mixtures  are  kept  until  all   the  water  evaporates 
and  the  material  dries   up,    it  will   have   been  possible.to  ob- 
serve,  within  a  relatively   shojrt  time,   a  s-eries  of  Environmental 
changes  accompanied  by  changes   in  populations  of  living ' things . 
The  series  would  have  gone   from  a  ^dry,    lifeless-appearing  mate- 
rial through  obvious ly   active  periods  of   lively  interaction, 
back  to  a'  dry   lifeless-appearing  material.  ~  .  ' 
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Activity  4      Plants  and  Water  Vapor 


In  Activities   2  *  and   3,    the  chi Idre a  demons  traced  that  plants 
and  other  living   things  produce  carbon  dioxide  which  is  then 
released  into  the  enviro.nment.     This  is  one  way  in  which  a 
community  of  living   things,    that  includes,  green  plants,  inter- 
acts with,  its  environtnentc 

The^  children  explore  a  second  interaction  of  plants  with  their 
environment  in  this  Activity.     The   leaves  of  a  green  plant  a^re 
shown  to   release  water  vapor  into   the   surrourvding  air.  From 
this  observation,    the  children*  are'  introduced   to   the  concept 
of  relative  humidity:      they   then  learn  how  to  measure  it  by 
using- wet-   and  dry-bulb   thermometer  techniques.     They  measur'e 
the   relative^  humidity   in  a  number  of  different  environments  and 
find. that  tfcere   ard^ s igni fi can t  variations.      Then   they  hypothe- 
^size  regarding   the   effects   of  such  variation  upon  the  evapora- 
tion of  water   from  open  'pans.      Experiments   are   conducted,  avid 
the   chi-ldren  dis^cover   that,    in   the   same  period  of   time,  more 
water  will  evaporate   in  a  place  where   the   relative  humidity  is  ' 
low  than  in  a  place  where   the   relative'  humidity  is  higher.  From 
this  evidence,   an  inference   is   mad^  concerning   relative  humidity 
and  its   effect  upon  water   loss   from  plants.  ^  ^• 

Through  an  examination^of   therr  experienties  with   the  drying  of 
wet  surfaces,   such  as   their  hands,    the   cl^ldren  hypothesi'ze 
regarding   tv(o  other,  factors  *  that""  affect  evaporation  pf  water 
from  surfaces   exposed   to   the   air.     p^e   has  to  d*o  with  relativp 
areas  of  .exposed  wet  Surf aces^and'  the   other  with  currents  of 

.air  moving  oVer  wet  surf aces .  S^Experiments  with  open  pans  of 
water  confirm  their  hypolihesis.     From  these   result^'  they  infer  ' 
that  the   same  factors  will  have   an   effect  upon  water   loss  from 

.leaves   of  plants.   -^Further  experimentation  confirms  these 
inferences. 

MATERIALS   AND  EQUIP^dENT:  .  ' 


for  the   class  you  will  need: 


ERIC 


15     plastic  bags,    11-1/2  in.   by  13-in.    (29-cm  by   32-cmr  ' 
l-gaLM3*7   liters)  capacity 

8     geranium  plants,   potted,   approximately  12   in.    .(30  am)  * 
tall,   with  at   least  two  well-leafed  branches  w 

•  •  / 

1     ball  of  string  .  ' 
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ERIC 


1     pair  of  scissors 

f 

1     jar  of  white  petroleum  jelly   (vaseline),   4  oz 


1    ^roll  of  plastic  tape 

7     rulers  with  hole  near  one  end,   12-in.  (30-cm) 

14     thermometers,  •-20°C   to  50°C 

«  « 

7     pieces-  of  cotton   cloth,    1-in.   by   2-in.    (2-1/2  cm  by 
5-cm)  •  f 

•»  ♦ 

7     cups,   1-oz    (approx.    30  ml),   waxed  paper  or  plast^ic 

12     shallow  cookie  sheets  or  cafeteria  trays,   all  of  the 
same  size 

♦ 

1     or  more  measuring  pups,   1  cup 
1-8     balances,   the  sajne  as   those   called  for  in  Activity  1 
12     baby   food  jars 

f 

1     electric  fan 

18*'  tes^tubes ,    5/8-in.   by  4-in.    (13-mm  by  100-min) 

6     aluminum  pans,    4-in.    (10-cm)   across   the   top,   or  their 
equivalent 


aloaminum  pans,   8-in.    (20-cm)   across   the  top,   or  the.ir 


equivalent  * 


1     copies^of  the   relative  humidity  conversion  table  shown 
on  p.   75  •  .  " 


30     copies   of  Worksheet  1-2 


PREPARATION   FOR  TEACHING: 


Gn   the   day  before *you  begin  this   Activity   fill   a  dry  plastic 
bag  with  air  and  place  it  over  the   leaves   on  ojie  branch  of  one 
>of   the   geraniummrplan  ts   in  full  view  of   the*  children.  Gently^ 
grasp  the  edge^   of  the  open  end  of  the  t>ag  around  the   stem  of 
thj^  branch^at  a  posi  tion^.jus  t  above  where   it  grows   out   from  the 
maTn  stem.     Tie   the  ba^g  with  a  string  so  that,  little  or  no  air 
can  'e'scape   from  it/'T  Soak"  the  soil  around  trife  pl^nt  'and  pl^ce 
it  on^a  window  ledge   in  the   sunlight.     Within  several  bpuifs 
drops* of  water  will   have  Jbondensed  on  the   inside  of   the, bag. 
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As   explained   on  pages  VS-Vefv 
relative   humidity  can  be  deter- 
mined by  using  a   sling  psych.ro- 
m^ter,   which   consists  two 
thermometers  mounted  oq  a  frame 
that  can  be.  whirled   rapidly  ^in 
the  air,     *The   bulb  of  one  ther- 
mometer/ wrapped  With  two  thick- 
ness  of  cotton  cloth,    i^s  dipped 
into  water^l^De  f  or  e  it  is  used 
and  is,   therefore,    the  wet  >^ 
bulb,      The^>other   is   th^-  dry., 
bulb.      You  -will  need  tq  con- 
struct a  sling  psychroi^ie ter  - 
for  demonst-ration^in  Part 
Use  a   12-inph   ruler  as*^a  frame; 
the  ruler   should   have  a'  hole 
ne_ar  one  end   into  which  you 
tie  o^e  end  of  a  two-foot 
string.     Two  Celsius  th^ermom- 
eters   should  be  selected  that 


register  the  'same 


temperature 


to  each 
the  end 


One  should  be  attc^ched 
side  of  the  ruler  linear 
opposite  the   string,   as  shown 
in   the  diagram.     Two  thick- 
nesses of  a  piece  of  cotton  9 
cloth,    I'inch  wide,    shduld  be 
wrapped  around   the  bulb -of  one 
.thermometer,      Bo.th  thermom-  , 
eters   should  be  securely 
attached-  with  plastic  tape\ 
with  th^e  bulb-ends  at  .the 
lower   end  of  the • ruler , 


The  8   geranium  plants  will  be  used  a  number  of^  times   in  differ- 
ent experiments    throughout  t'his  Activity;    therefore  arrange- 
ments  should  -be  mdde  t^  keep  i^hem  in'good  shapef  ^  They  should 
be  watered  ^ery  day  and  kept  in  direct   sunlight.      If  you  do.  ' 
,not  have  dii/ect   sunldght   in  your  room,   arrange   to  keep  the 
plants   wherd  there"  is  direct  sunlight  when  you  are   not  using 
them,  f 


ALLOCATION   OF  TIME 


Although  a  number  of  the  obs e ryations  to  be  made  i^thi*  Activ- 
ity will  extendi, over  ^  period  o'^.. several  d.ays^  fifT  actual  ciass 
working  time   should  be  approximately  6  hours. 
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PART  .A 


TEACHING  'SEQUENCE 


1.      In'troduce  Part  A  of  the 
Activity  by  showing  the 'chil- 
dren the  geranium  plant  with 
the  plastic  bag  tied  over  the 
leaves  on  one  of  it s , branches 
After  tfiey  hfave'  had  a  chance 
to  observe   i/t  closely,  ask 
them  to  describe  what  they 
have  seen. 


•   How  did  the  watexv  get  bnto 
the   inner  sides*  of  thefbag? 

As   they  begin  thinking  about 
this  problem  ^j^icourv^j^^^hem 
to  recall  othe^r*  instances'^ 
where   they  have 
thipg  like  this 


seep  some- 
happen  . 


7 


Did  the  water 
air/^in  ,th^  bag 
plant? 


come  from  the ' 
or  from. the 


Encourage  the  chfxldren   to  sug- 
gest experime^nts  that  cquld* 
be  performed*  tor  test  their 
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COMM:BUTARY 


/ 


In  addition^to  the  general  ob- 
servation of  a  bag  tied  over 
one  branch  of  the ^geranium, 
they  'should  note^  that  ^the  bag 
is   some,what  inflated  with  air 
and   that  there  are  drops  of 
water  on-the   inner'  sides  of 
the  bag. 

Under, ^c ertailo  conditions  water 
vapor  in  the^*  air  'may  condense 
(change   from^  a  gas  to 
and   be  deposited  on 
with  which   it  gj^/mes 


a  liquid) 
surfaces 
into  con- 


tact.     (This  h^'^een  demon^ 
strated  .previously   in  COPES  . 
Activities  <fpr  earlier^grades  .  ) 
On  wa^irm  humic}  days   th^ey  un- 
doubtedly have   seen   that  water 
vapor  from  the.  air  condenses 
on  •  con twiner s  of  colti  drinks. 
On  cold  d^ys   they  have  seen 
that  water  vapor  from,  the  air. 
inside   a  warnt  building  con- 
denses  on   the   cold  windows. 

Among  the  hy^potheses   they  ftay  " 
suggest/    two. appear- quite 
reasonable:    -a)    The  water  came- 
from  the   leayes   and   th-eti  con- 
densed  on   the   sidear  fof  *th^ 
,bag;   b)   T?he  ^water/came  from 
water  va^or  ^that^fes  '  already 
in   the'  air  with, which  the^^bag 


was  inflated . 
aothing  to  do 


The 
with 


leaves  had, 
it.. 


A  very  sim 
could ' be 
Aplastic 


/le 
doj^e 
bag^ 


class  eflcper imejj t 
by   inflating  a 


with  room  air , 
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TEACHING  SEQUENCE 


hypotheses 


\ 


9^ 


If  i|pu  have   eno'u^  geranium 
pla.nts,    divide   the  class  into 


COMMENTARY  • 


tyin-g  it  oft,  and  setting  it 
aside   for  ther  rest  o^f  the  day 
to   see   if  water   condenses  on 
the   inside   of  it.  (Caution: 
Keep  the  bag ' at  room  tempera- 
ture. ^If  the'  air   in  the  room 
is  warm  and  humid  when  it  is 
put   into  ^the  bag,   and,   if '  the 
bag   is   then  put   into  a  cool 
place   some  water  vapor  will 
condense . ) 


Another  experiment  would 
to  remove  all  the  leaves 
one  branch  of 
and  tie  a  bag 
branch •  What 
bag  shoul4  be 
what  happens 


be 

from 

a   geranium  plani 
. over  the  naked 
happens  in  thiy 
compare  d-^v^i-th  : 
Ln  a  bag  tidd  Aver 


a  leafed  branch  on  the  same 
plant*     The  plant  should  be  * 
placed   in  direct  sunlight,  if 
possible.  '"'The  illustration  tQ- 
t^  le^t  ""^^Kows  ^a  ^^ranium  plant 
set   up  for  sych  ^n  experiment". 


tfStill  another  experiment  would 
be   to  cover   both  sides  of  all 
leaves  o,n  one  branch  with  white 
petroleum  jelly    (vase»line)  f  to 
prevent  watfe^' evaporating  from 
the   leaf.     A  bag   could  theft  be 
tied  over  the  branch  and  the 
results   coippared  w^h,  tl^ose  of 
a  bag   tied  oi^er  a  branch  on 
which  the  *ieaves  were  not  cover 
ed  with  vaseline.  ,  Here,  too, 
plants   should  be  placed' in  • 
direct  "sunlight   if  possible* 
(Condensation  should  appear  in 
the  bag  over  the  uncovered 
leaves  first . ) .  - 
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TEACHING  SEQUENCE 


groups  of   5»     Each  aroup 
should  be  assigned  -the  task 
of  performing  one  of  the  ex- 
per  iments^s  . 


v3 


Have  one  member  of  each  'group 
record  on  the  chalkboard  the 
time  of  his  or  her  group's 
first  observation  of  moisture 
formation  on  the  sides   of.  the 
bag,  .if  any  is  formeji. 


At  the  end  of  the  day,  have 
each  group  report  its  find- 
ings • 

•  What ^ cone lusion  would  seem 
reasonable  regarding   the  ' 
source  'of  water  in  the 
plastic  bag? 

Let  the  children  discuss  this 
question  and   their  findi'ngs 


at  length: 


•  I^n  what   form:  did  the  leaves 
give  off  wj^er ? 


•  Why  do  lyo 

was  in  ithe 
vapor? 


i-nk  ^tfie  water 
m  of  water 


^  How  did   the  water  ge^t  from 
the  leaves   to   the  sides^ 
df  the  bag? 


COMMENTARY 

V  ^ 

It  would  be   highly  desirable  to 
ha.ve  at  least  tw6  groups  per- 
forming each  of  the  experiments 
so   that  results  can  be   com-  ♦ 
pared. 

All  exper^iments  should:  be  set 
up   first  thin^  in  the  morning 
so   that'  observations  can  be 
made  throughout,  the  day*  Where 
possibi^e,   controls   should  be  .  •  , 
run .  ^ 

In  all  of  the  above  'e^eriments 
diff.erences  ,in  transpiration 
rate  will_ be   judged  subjectively 
by  noting  the   time   that  conden- 
sation appears  on  the  side^  of 
the  bag  and /or   the  relative 
amounts  Of  w.ater  that  condense 
on   the   bag ♦  . 


The   findings'  should   lead  to  the 
conclusion  that  the   leaves  of 
geranium  plants  "give  off  water.* 
The  loss  of  yater,   as  a  gas*  or 
vapor ,    from  plants   is  callec^^ 

In   the   form  o,f  a  gas  or  vapor. 


They  could  not  see   it  leave  the 
plant.     However,   it  probably 
left  the  plant  since  i.t  later* 
condensed  on  the  bag. 

In  order  to  get  from  the  leave's 
to   the   sides  of  the  bag,  it 
must  have   t;raveled  through  the 
air.  \^ 


MINISEQUENCE  I/Activity  4 


TEACHING   SEQUENCE I 

•  Where  was   the  water  vapor 
before   it  condensed  on  the 
bag?  ^ 


•  Do' you   think  plants  -such  as 
gera^ums  are  alwSys  giving 
off  water  vapor  into  ,the 
.  air? 


COMMENTARY' 


It  must. have  been  in  the  air 
inside   the-  bag  since  air  is 
the  onl^  material   that  had 
contef^t  with  both  the  leaves 
and   the  bag ♦ 


Yes.;    in   fact  over  95%  of  the 
wat-er  taken  up  by  most  plants^ 
from  the   soil  is   lost  througW 
"^transpiration  ♦     In  one  day  a  * 
single  corn  pla'nt  may   lose  to 
th.e  air  surrounding  it  as  much 
as  a  ^gallon  'o*f  water.     A  pingle 
10-foot  apple  tre^  may  lose  as 
many  as   5  gallons  of  water. 
A'date  palm  irT  a  desert  Ocugis 
may   lose  daily  as  many  as  125 
gallons  of  water  to  the  dry 
air.. surrounding  it.  Thus, 
plants  change  the'  air  surround- 
ing them  by  adding  water  vapor 
to  it.  I 


■f- 


part:  b 

1.      Revi^  the  "discussion  o£ 
the  relafl^ve  amounts  of  water 
lost  by  plan'ts,   as  presented 
at  the  conclusion  of  Part 


If  one  mature  corn  plant  ' 
loses  one  gallon  of  water 
to  the  air  in  one  day,  how 
ni,uch  do  you  think'  an  acre 
of  corn  would   lose   in  one 
day? 


Wlrat  effect  does  the  loss 'of 
tliis  amount  of  water  have  * 


EKLC 


In. Part  B;   the  relatitonship  of^ 
water  vapor  to  reLatiye  humid-' 
ity   is  discussed.  In^adHltion, 
the   ideav   first  developed.Wn 
Grade  .3   of  COPES,  -that  as» 
water  evaporates   from  an  object 
the   temperature  of  the  object 
is  reduced   is  also  reviewed. 

An  acre  is  '4840  square  yards 
(43;560  square   feet).      If  theye 
is  one  mature  corn  plant  per 
square  y^ird ,   there  would  be 
4840  corn  plants  .p-fer  acre.  Thus 
an  acre  of.  corn  would  *lose  4840 
gallons  of  water  a  d*ay.     That  . 
is  more   than  one  half  the."' 
Amount  of  water  it  would  tak'e 
^o  fill  a  large  gasoline  , tank 
truck.     The   largest^f  the 
tajik 'trucks   hold  850.0  gallons  . 
of  gasoline. 

It  ir^reases  the  ^moiaiV?;  of 
water, vapor  in  the  air. 
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MINISEQUENCE.  I/Actiyity  4 


TEACHING  SEQUENCE 


upon  the  air? 

•^hen  the  air  has  i.  good  deal 
of  water  vapor*  in  it,  how  dg 
we  describe  it? 


•  How  can  yj^u  determine  the 
\       relative  humidity  of  the 
air?      .  4Nr 


The   following  que^stions  can 
help  to  develop  the  rationale 
for  using- wet-  and  dry-bulb 
thermome ter s   in  determining 
relative  h-umdity . 

•  What  Happens   to  an  object 
when  water  evaporates  from 
it?       :  ;  ^ 


ERLC 


^COMMENTARY 


We  say  that   ''the  humidity  is 
high,"     However,   there  is  a 
more  accurate  way  of  explain- 
ing the  phenomenon.     The  actual* 
an\pun t  of  water  vapor   in  a 
sample  of  air  at  any  one  time 
is   called   the  .absolute  humidity. 
It  is   expressed  in  grams  of 
water  per  ctibic  met^  of  air. 
Relative  humiditg^is  more  com- 
monly used;    it   is   the  amount  of , 
water  vapor  the  air  actually 
contains,    compared  with  the 
total  amount  it  could  hold  at 
any  one  ^temperature.  Relative 
humidity  is  expressed   in  per-  - 
centages.     When   the  air  is, 
holxiing  all  the  water  vapor  it 
can -at  a  given   temperature,  it 
is   saturated,     ^ts  relative 
humidity  'is   100%.     This  was 
the   condition  of  the   air  in 
the  plastic  bag  in   Part  A  when 
water  vapor  was  condensing  on 
the   inside  of   the  bag.      %  . 


The   children  may  have   had  some 
experience  with  wet-  and  dry- 
bult  thermometers.  However, 
even  if  someone ^ suggests  such 
thermomet^ers  /   proceed  with  the, 
development  of   the   idea  under- 
Tying  their  use , 


72 


81 


Eventiually  it*  may  become  dry, 
but  i"t  also  becomes*  cooler  as 
the  water  evaporates.  It  be- 
comes qoo^ler  because  heat  en- 
ergy is  taken  from  the  object 
to  change  water  from  a  liquid 
to  a  gas.  The  cooling  effect 
of  evaporation  can  be  demon- 
strated by  putting  water  on 


■MINISEQUENCE  I/Activity  4 


TEACHING-  SEQUENCE- 

lit' 

* 


On  a  warm  day,   when  the 
relative  Tiumidifey^'is  high 
'and  you  are  perspiring, ^ 
'why   is   it  hard   fpr   you  to 
thecome  cool?  . 


S^ow  the. class   two  thermom- 
eters.    Have  one  of   the  chil^- 
dren  read   the  temperature  as 
it   is   registered  on  each  one/ 
of  them/  '  : 

•  ^,,What  would  happen,  to  the 
^temperature,   as  registered  . 

on  one  of  the-  thermometers, 
ifVyou  putv^*wet  cloth  over 
its  bulb? 

Put   the  T^et  cloth=^oVer»  the 
'bulb  ancj  have   them  np^te  'that-, 
ill   fact,    the   t emperdtrure  . 
drops.     Tell   them^  tiiat  you 
,are   going  to  call   this  ther- 
mometer- the  wet-bulb   thermom-  . 

.  '  V 

•  Why  does- the  wfet-bu^b 
thermometer  registe)r  a 
lower  tempera ture  ^'^fclan 

^  the  dry-bulb  thermometer? 

Have   someone   fan   the  v^et  cloth 
over   the  wet-bulb  thermometer  , 
and   see   if   they "can  make  the 
fe^per'ature  go  *down -^fa^ther-. 
When   it  has   gone  down  as  far 
.as  it  apparently   is  going  to  . 
go,   have  the  registered  tem- 
perature of  both  thermometers 


COMMENTARY 


the  back  of  your^  hand  and  blow.- 
ing  on   it.     As   Che  water  evap- 
orates,^ the  hand  feels  cooler.  ^ 
(These  ^ideas   were  introduced 
in  Minisequence   V,   Activity  5 
in  »Grade   4  .  ) 

Perspirat i^on ,   which   is  mostly 
water-,    evaporate  s   slowly  when 
t)ie  relative   humidity   is  hig^v^-- 
Therefore   the  body,  is  not 
coolQd*^as  much  ''as  on   a  day 
when  the  rela^tive  humidity 
is   lov^r.     The  more  water  vapor 
in  the  air,,  the   slowe^r  water 
evaporates   fr^  objects  such* 
as  people   and  leaves. 


Make  certain 
eters  have 


that  the 


thermom- 
before 
they  r egi s t er 
temperatures  . 


be^en^checked 
class^  ^nd  that 
the  s*ame 


di  scu  ss  i6i;i 
the^ 


that 


Based  upon  earlier 
the^  should  predict 
thermome t^rs'-'^i th^ the  wet  bulb 
would  register  a  lower 
atur|e._ 


temper- 


It  9h<i^uld  be^clear   that  this 
happens  because  water   is   evap-  ^ 
orati^g,^  frpm  the  cloth,  thus 
cooling   it   and  the  wet  bulb.  ' 
•    \  •  . 


MINISEQUENCE  I/Activity  4 


TE'ACHING  SEQUENCE 


em  on  the 


read/  and  rejcor 
chalk^board. 


Ask  what  the  difference  was 
between  the   temperatures  reg- 
istered  by  the  wet-  and  dry- 
J3ulb  thermometers . 


J 

•   When  wou^ld  •  you  expect   the  * 
difference   to  "be  great est^^"'^^ 
and  when  would  you  expe 
it  to  be  least? 


Show  them  the  sling  psychro- 
meter  you  have  made  and  ex- 
plain how  it   was   cons tr^ucted . 
Then  show  them  how  it  is  used'< 


•f  How  could  we   find  out  what 
the  relative  hjumidity   is  in 
this   room  usin^  this  instru- 
,ment? 


V 


Distribute   cojpies   of  the 
relative  humidity  conversion 
table   to  the  child£«eA- 


\iit   is-  the   difference  in 
temperatures  be  twa^en  th,e 
two  ther'mome ters? 


Use  the  table   to   find  the  . 
reLative  humidity.,    You  will 
want  to  ^Work   through   this  . 

74  ' 


COMMENTARY 


The  dry  ^bulb  thermometer /  of^ 
jcouTse/    registers  the  tempera- 
ture  o^f   the   air.     Depending    ^  ^ 
upon   the*  relative  humidity,  ^ 
the  difference  may  be  as  much 
as   3   or   4  degrees. 

when  'the   relative  humidity  is 
lowest/    the  dif f erenc%  would  be 
greatest.     The  .legs  water  yapor 
there   is   in  the  air/   the  WKSre 
rapi;31y   t-he  ^^ater  'evaporates 
and   the   lower  the  temperature 
record^id  by  'the  wet-bulb 
thermoitieter .     When  the  relative 
humidity   is  highest ,  there 
would  be   the   least  difference. 


Wet  the  cloth  surrounding  bhe 
bulb  *on  "one   side"  of  the  ridler. 
Whirl  the  psychrome ter^  in/  the 
•  air  at  l,east   two  minuteS/  then 
record  ^he   temperature  reg- 
istered by  each   thermometer . 

The  difference  between  the 
temperatures   recorded  by  the , 
wet  and  ^ry  bulb  thermometers 
would  need  to  be  determined 
first*     After  the  difference  is 
determined,   the  rel^itive  humid- 
ity -can  Joe  read   from  tables 
auch  as   the  one  on'  page  75\ 
Copies  can  *be  made  using  the 
duplicated'  table  on  page  467. 

Here  are   actual  readings  after 
a  pyschrometer  was  whirled  in 
the  air  for  two  minute 3":  dry^^ 
bulb  thernjometer  i6.5AC-#^  Wist- 
Hulb  thermometer  2l.'0*Ci^^  ..Xhe 
difference  wq^s  5*5^C/ 

S  i^  c  e  2  6  is   nearer   27 ®C 

than  any  other  temperature  in 
tha  farst  col'umn' in  the.  table/ 


TEMPERATURE   OF  . 
DRY-BULB    IN  .^C . 

■.'    .  DI 

FFERENCE    BETWEEN  *V 

JET-BULB   AND   DRY-BULB    IN^^C.  • 

1 

2 

4 

6  . 

7 

8 

9 

> 

8  8 

7  6 

• 

65 

53  ♦ 

4  2 

f 

±  z 
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 I 

+  12 

89 

78 

6  8 

J  o 

**  O 

f 

Q 
Z  O 

A 

J  0 

2  1 

12 
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 1  ■  *■ 

90 

80 

7  1 

O  z  ^ 

>1  A 

4  4 

-1  — 

3  6 
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/ 

20 

\ 
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> 

90 

82 

73 

65 

1 

57 

49 

42 

35 

27 

1 
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\ 

91 

83 

75 

67 

f 

60 

53  " 

> 

•  46 
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.  3L2*  i 

'* 
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92 

85 
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 V 
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37 

< 
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93 

86 

79 

72 

65 

59 
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MINI  SEQUENCE  I/Act  iv.ity  4 


TEACHING  SEQUENCE 


example  with  the  children 


2n    'Divide  the  class  into 
gxoups'  of  4   or  5   chi  Idren  and 
gave  e^ch  group  the '  mater iarl s 
for  making  ^  sling  psychro- 
meter. 


u 


'After^  th-ey  have   c'ons trucked 
their  sling  psychrome ter s , 
have   them  determine  the  rela- 
.tive  humidity   in  k  num'ber  of 
different  places   of  their  own 
choosing.      Pass"*  out  Worksheet", 
1-2       Ask  that  'they  use   it  tcJ 
^record  their  findings. 


When  all   groups  have  completed 
coll ect; ion *bf  thTeir  data  on 
relative  huihidity   in   at,  least 

76  '  ♦      *  .  * 


COMMENTARY 


it  is  used.     To  find  the  reXa^- 
tive  humidity/   go  across  'the 
tabl*  at  27*C  to  the  column  for 
a  difference  o.f  5.5,   wljich  is 
between,  5  and  6.     As  yd^i  will 
note/'  the  relative  humidity  is 
between  59%  arid  65%.    Jhe  half- 
way  point  between  these  two 
percentages   xs  62%.  yThus  'th^e/ 
relatiJve  humidity  a/c  the  time 
these  measurements  were  made 
was   62%.  ^ 

The   following- 'Materials  will 
bepneeded^.  ^ 

1  ruler,   12-inch  (30-cm) 

with  hoi e1^ near  one  end  ' 

2  thermometers  (prerte^ted 

to  en'sure   their  coinci- 
dence,) 

i     piece  of  heavy  cord. 2  ft 

(60  cm)  long 
1     piece  of  cotton*  c^loth; 

1   inch  X   2   inches  '(2-1/2 

cm  X  5  ;  c m )  * 
1     cup,   plastic  or  paper, 

1  oz    (30  ml)  /  co^jitain- 

ing  'water  * 
1     cppy  of  the  conve^rsion 

table  '    ^  ' 

a  roll  of  plastic  tape,'  \ 

ErfcouT^hge  -them  to"  select  places 
in  which  they  would  exgect  to" 
fincj*  differences   in  the  rel'a- 
tivfe  humrdity*-*   These  might  - 
include:     their  class  room/ 
outdoors   m  the  sun  and  in  - 
the   shade,   over"  a.  grasgy  piot^  * 
and-^  over  a  parking  area  or  ;pj.ay 
area ,       *  *  - 

fhis   data"<:ol lection  sho-uld-^^j^  , 
a  "take-home"  assignment .     It ' 
can  be^done  at  lunchtime ,  after 
or.  before  school,   etc.  * 
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WORKSHEET  1-2 
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^ata  on  Relative  Humidity^ 
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MINISEQOENCE*I/Actiyity  4 


•'1 


TEACHING  SEQUENCE 


3  places #  have  them  report  to 
M     the.  c  ras  s  . '      '    .  » 


v. 


Discuss  what  may  have  account- 
ed for  the  differences   i'l^  .'t 
relative  hujprtidity  found 
for  tjx^'  same  area?  *  . 

...  -      X  .  ^  • 


Based  uppn  th^eii;  data  r^egayd-^ 

ing  relatiye,  humidity^  in  .dif-^ 

*  fer-ent  ar,eas,  ask  themo'to.., 
J'   ^     »       *  *  ♦  - 


COMMENTARY 


Here  are  data  that  w.ere'.  col-^ 
lected  at  vario'us  pl^ce^. 


DB  ' 

^  m  'CvM  ID  ' 

WB 

"i  Hi  Mir  ' 

'  U  J.  r  r.  ^ 

RED 

nU  M 

.  P^^rklos 

.•^Lot  : 

■ 

2,3'.  0  • 

'  22  i^O 

1.0 

^91% 

_  .>Park  " 
'  Lawn 

23:5. 

2-2-5'; 

1  .  o~  ■ 

«>       ■   *  ■ 

Kitchen 

.25.0 

■  2  2  .  B  ' 

.  8C(\ 

Sedroom 

2  5/^-^ 

22  15^ 

'  3..0  ■ 

78% 

\Base- 

\  m  e  n  tr  ^ ' 

25,-0- 

2.1,0 

•4.-0' 

A  number  of  vdriabl-es  in\tjie/ 
performance^  of -.the  te.chn^-que 
may  '^ccaunt  '  fc^r  'differ ence^.i  ^ 


.•V  *  1/  Imprcp^  reading  qf*  the 

-1^^6*rnK?mete'f  s\      -  ^.      .  r 

2%  ;F^ailuJ:e  ''to  swing  .the   sling  i 
,     psy-'c-Jirom^-t er  *unt;i'l  the-'.  ' 
>^   .      w.et'-bu^'b  reached  -It^ 

lowest"  level  '  '  ,  ' 

A.  5  ^f; Tha^rinomej^fer^-  not  .be^ng    ^  '    ^  *  • 
'        properly'  adjusted  in^  the'.       ^ , 
beginning  t.o*  2;e.gist*er    ^  ^"  . 
^..identical  temp'eraWr  ea//  > 
'      V   ,  underVthe  *same*  c6fidi€i'ons  I*    '  ^ 


,  4  ^ W&  e  r-^\  d;f  y.-  b  u  J;i^  t  e-ttp  e  r;a?: 
*  ' '       tur§s  ati^/or  ,dif>^ere*nc^ 

-•'.between  wet^rbulbr  aiid'"dry-r  < 
^  ^  ,  '-'/bul'b  did  not'  co'x'respdii'd  ,  -  : 

*"       e^ctly''wi th.  th<^s§  iiT 'thB 
\/       /table /-/the  dif  f  erenc^e'- may^ 
:   ndi:  have-  b'^en  in terprete^d^ 
.  /   in  tlj^e-  \s  aii"4 '  wa:5N^il-^^-  \ 


V 


In.,  the  ^d^ta  r imported  abov^  th'e 
r^lative-  hamid'ity  ^in  ,th>Jair-  ^ 
above/  \t,he.  law4i'''was*A91%'.'wher-ea^ 
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MINISEQUENCE  I/Activity  4' 


TEACHING  SEQUENCE 

identify  two  places  where'  the 
relative,  humidity  appear.s  ta 
be   cfui^te  different. 

•  lj\  which .  place  would  you 

expect  water  to  evaporate 

faster?  ^ 
•  r  ^ 

Encourage  them  plan  e^x^er la- 
ments for  testing  their  hy-  ' 
po  thes  as . 


Conclude  this  part  of^tha 
Activity* by  asking  the^ chil- 
dren to  discuss   h6w  plant's* 
affect  relative  humidity  and 
haw  relative  humfdity  affects 
.plants  • 


PART  C 


COMMENTARY 


in^the  basement  it  was  only 
71%.  * 

Usin^  the   a^ove  data  you  would 
expect  it  to  evaporate  fas1;,er 
i'p.  the  basement. 

> 

A  simple   experiment  would  be  to 
use  two  rather  ^shallow  but  wide 
paos   or  dishes  t)f 'th^Tfame  size  , 
(area).     Put- the  same  amount'  of 
water   into  each.      (Amounts  could 

<be  measured  as  weights   or  vol- 
umes.)    The  shallow  |fens  should' 
then  be  placed  in  each  area  for 
the' same  period  of  time  and     '  \ 
then  the  amounts^  of  remaining 
water  compared.      In  such  ^an 
experiment  the  relative  humid- 
ity s-hould  be  checked  every 
hour  or  so  to  be   sure  tht  dif- 

'ference  persists. 

As  j^Lants   transpire,   they,  add 
water' vapor  to  the  air.  This 
increases]  the  relaj:ive  humid-- 
ity..     As'  the   relative  humidity  ' 
increases ,   plants  *  lose  less 
water,   ,  In  this  wa^y,  plants 
interact  with  their  environ- 
m'ent  •  »  ^  ' 


1.     Reviey'^what  children  Tbynd 
out  about  relati^ve  humidity 
and*,  its^  apparent   ef  f  ecfe'^^upori 
evaporation  of  water.    l^Ask  if 
there  may  be  other  coTfaitions* 
or   factors   that  would  cause 
water,  to  e  vapora  te  ^^s  tjej: 


In  this  Part  of.  the  ' Ac.t ivi ty 
children  investigate  the; re-  , 
latioi>>ship  of  two   factors  to 
-the  amounts  of"*  watfer  evapo- 
rated  from  ^different  surfaces 

^T|iey   should  ^fe^ve  'found  t;hat 
water  evaporates   f'aster  -when^ 
the  relative  humidity   is  low. 


To  relate  t^is  to  experiences" 


7 
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TEACHING  SEQUENCE 

they  may  have  had,  ask  sucV^ 
questions   as   these:  * 

•  Why  will  swinging  your  wet 
•hands   in  the  air  dry  tnem 

faster' than  merely  holding 
'them  in   the  air? 


•  why  are  wet  -clothes  spread 
out  when  they„  are  hung  tjo 
<^ry? 


ERIC 


"I-       ■    -  . 

Ask  hpw^  exjjieriments  dbu-ld  be 
condu'cte(|P^o  determine  how 
much  of  a  difference   it  makes, 
in  the  amount  of  water'evapo- 
rated/   to  mo\^e \air  over  the  ^ 
surface  or  tq^iVe^rease  the 
surface  area  of  water^  exposed 
to  -th^  aii. 


Firs-t  'you  migh.t  guide  \the 
class  ,in.  plaprning,  an  ejcperi- 
ment  to.  determine  how  much, 
more  water  would  evaporate 
from  a1  container  wherr  ^^ir  is 
moved  over  it  ccnHiinuously 
than  would  •evap'orate  from 
one  in  which  the  air  above  it 
is   relatively  undisturbed: 

^  ♦  « 
•  How  many  conta^iners  of 
water  should  be  used? 


What  jitypes  of  dont'ainers 
shouTd  be  tised? 

80  '  ^ 


COMMENTARY 


Swinging  the  hands  in  the  air 
increases   th^^^ate.  of  evapa-  , 
ration.  ^ If/the  hands  were  not 
moved,    the-Jre lat ive  humidTty  of 
t-he  air  imj/iediateiV  suriTounding 
them  would  become   higher  and 
the  ra,te  o%  evaporation^  from  ' 
the  hands'  woul^  decreas,e  .  How-' 
ever,   by  moving  them/  they  are 
kept  in  contact  with  air  in' 
which  the  \relat,ive^, humidity .  is 
not  as   hignS>  There  fore  ,  the' 
water  will  evaporate   freely • 

Spreading   them  out .exposes 
moreyx>f  the  wet  surface   to  ; 
the  aijjj},    thus   increasing  the 
•rate  at  which  the  water  will  ^ 
evaporate   from  the  clothes. 

In  planning  their  experiments/" 
encourage"  the   children  to  in- 
clude a  technique   for  acti^lly 
measuring   the   amoun't  of*  w^eir 
evaporated  under  e.acti  of  the 
various   cQndijbions  'It-i? 
suggested  that,  a  pa'lance  be 
used^to  weigh  the^  vtat er  be^f oTe  r 
and  after  ej^^posure^  to  'each  of  V 
the  experimental  :cqgd itions . ,  ^ 

•        ^        ■    ;  ^(  ^  ^ 
You  may  pVefer  to  allow'^the^: 
children  to  form  Small  groups  6 
and  do,  their /planning  without 
your  ^guddance  .     However  the 
questions   lis  ted'  *unaer  T.eacjti^ 
ing  Sequence  are'  those  w^ith  > 
^^ich  they  will"  eventually 
have   to  deal^  in  ord^r  to'^  plan 
controlled  e:;perimerits .  * 


V 


A^, least  two-,  one  with  mjoving 
;air  ^bov^  it  and  one  wi,th  un- 
disturbed air  above  JLt. 

Contfii^ners  guch  as  ^a,ns  with 
xe-ra^fively  «  lafg^e  open  ^areas 
exposed'to  the  air.'  The 
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•  How  much  water  should  be 
put  into  ejach  container? 

•  How  should  the  amount  be 
mealured?  '  o  '  ' 


V 


•  By -what  means^  should  the 
air  be  made   to  move  over 
the  one  container  of 
water? 


y 


•    -Aftef  the  expeV inijjpnt   h&s  b'een. 
planned   to   the/ satisfaction 
of' all,   have  the  children 


DillNISEQUENCE  •  I/Activitv  4 
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containers  should  be  t>ie  sam^ 
s  i^z  e  .  • 


/-Iv. 


The  same  .  amo.un  t 


.Weighing  the  pan  and  water  be- 
fore and  after  exposu-re  on  a 
balance  is  better  than  measur*- 
ing  volumes .     in  measuring 
volumes,   there  m'ig'ht  be  acci- 
dental  loses  because   it  \^ould 
be*  necessary  to^  pour  the  water 
out  of   the  pans.     Furthervmore / 
all  of   the  water  may  not  be 
removed  each  tim^,  increasing 
the   amount  of  error . 
,  '  #  • 

It  wouJ.d  be  ^desirable  to  use 
an  electric  fan.  However,  if^ 
an'  unin terrupte,d  breeze  is 
blowing  through  'an  open  wid- 
dow,  one  cont^ner  could^be' 
Placed*  in  the  breeze  j^or  t-h-e 
^period"  of  time  necessary  t^^' 


get  measurable  re^sults 


Here,  are  the  ^re'sul;ts  of.  a  sam- 
p^l-e  .experiment:'     l^^wo  4-inch  . 
aluminum  '^^n|  wer^  usefl.  »Wa-^ 
,ter  was  poured,  intio  each  pan 
untii  th^  p^in  ax^d  water  weighed 
1Q9.4  ^    Th€^,  sutfkce*  o^  the 
w^ter  in  -  eact^  pan  ^as  within  i 
\/2   inch  '(1  cm)   bf^he<  top  o* 
the-  p^an  /    One  pan  was  placed 
on  one   tablg^  and  the  other '*pan 
was  pl#ce(Jt*ln'  front  of^n 
electric   faA  on  a  1^able*'in  : 
another  pa^rt  of  the^'  r-opm. 
After  4   houS!?s   the  pai\s  were^ 
again  weighed.     Both  pans,  of 
water  weighed  less  .|  However,; 
the  pan-^ of  water  over  wh^ch  air 
h>|d'  been  moving'  weighed  14  g 
less;   the  ♦other  pan'jweighed  *  . 
1.6gles&. 


1 


0 


c 


\ 


1 


TEACHING  SEQUEHCE 


proceed'  in  a  similar  manneij 
pO^an  another  experiment  to' 
determine  how  much  water 
evapor'^es   from-^ans-  with 
different  *suriace  areafs 
exposed. 

♦  What-  data  need  £o  be  C0I7 

lected   for-,  this  e^x^per i-t, 
-  ment? 


1  '  ^  ' 

*After  both  experiments  have 
been  pla'nned^   agaiijL  divide 
the  class   into  groups  of  4 
and^S.      Half  of   the  grotips 
can  ydo  the   first  experiment 
and  the  othe'r  half   the  se6o;ad 
one^/^When  results   haVe  been 
obtained ^   have   the  groups 
compare  their  findings* 


Now  *ask  hQw  the$V  f in'dings 
in,  help  explain  thel  ^oss 
itfer  f  rom  "^latlti^  .     ^srk  ^ojc 
ideas  ^xe^garding  rb^^^anner  ^dn 
^hic4f«s;exper iitiLents  may  be  .con-' 
ducted *^t^D  answe.af-*^h.ese  ques-  \ 

W^uld'  a  'gxeate^^leaf  surface 


MINISEQUENCE  l'/Activity('4 

CC^MENTAI^Y  v' 

Here   is   tbe  manner  in  which  an 
e*xperiment  tising  rectat^gular 
cake  pans- was  conducted^:  ^  The 
surface  dimens  ions  of  oh^'^were 
12  ^n»   by   8   in.    (area.  96  sq 
ix^M.    '^e^  other  pan  was   8  in. 
.by   8^'in.    (^rea  64   sq  in.). 


Water  were  put/ 

The  larger  pan 
ed  *  879  g  an<J  the 
^^ighed  742.3  g. 
^  then  placed  side 
a  table  and  left 
for   24  hours . 


Three  cups 
ihto  each 
of  water 
smaller 
The  '.pans 
by  side  on: 
undis  turbeid 

were  again  weighed.      (The  p&n 
of  water  w.ith  the   large'r  su] 
face,  ar?a  fexposed  to  the 
had  lost  141.6  g  of  water/ 
whereas   the  pan  with-  the 
smaller  s\;^'rface  %r^a  expensed 
to  air  had   losfe*'onry   ID'S  g' of 
water '  ^ 


Let  the^hildren  construct      *  > 
.their  owA^^a/ta  shee^ts   for  - 
tljese   exp^r  iments"^".  ^ 

.Wherfea_s  qucbrrjt^ta ti ve*  findings 

tly f the^^ame-.  for 
theNirends  should 


  lUc 

•may  nqp'h^ 
each  gVoup, 
be   the  same 
more  waterj 
still  aij 


Movrng  air  causes 
to  evaporate  than 
More  water^vapo- 


^r eas   ar^e  expos ed  to 


rates  wnen  large^  surface  V 

^the  • 


•  ••A 
•  '1 

As  a-  result*  of  ..^their 


8,?  r 
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in 


TEACHING  SEQUENCE 


exposed  to  the  air  result 
greater  water   loss  from 
plants  ? 

/  • 

Wo\/ld  moving  air  (wind) 
result   in  greater   loss  of 
faler  from  plants? 


Hilp  the   childten  see   that  by 
asking  speciffc;  questions 
•suaji  as   those,   what-  needs  to 
^  be  don.e   in  designing  an  expex- 
Niment  becomes   clearer.        r  * 


\ 


'  1 


suggest   that^the  childiren  plan 
\their  own  experiments.     Ask.  ^, 
'questions'  s^udh  as   these   to    '  * 

guid'e  t^iie ir  ,  thinking  :    y  - 

•  (/hat  kinds  of  p^lan  ts  -  shouTd  \ 
be  .used? 

'  .  ■   ir  ■  ■'      •.  ' 

•  What  part 'of   the  plan-t 
.  sbK>Hld  be  used? 


A 


ERIC 


Ho'w  shfould  t^e  |3 ranches  and 
their  leaves  be   tr eared? 


/' 


COMMENTARY 

V 


the   children  may  expect  tliat 
the   lafger^the.  surface  area  of 
leaves  exposed  to  the  air,  the 
greater  the,  water  loss*^  and  that 
w^inds   would   increase  water  loss 
<  from  plants .  ^ 


The  word ^greater   in   the  first 
question   implies   that  som'e    '  • 
estimates,  or  quantitative  • 
measurements  will  ha,ve  tc  be 
mad^;    first  with   reference   to  ' 

^the  area  of  leaf  surfaces  and 
s4cond,   with   re f e reiLC^^o_the 
amoujit  of  watea:   lost.     In'^  the 
secon'd  question  only   the  amount 
of  water   los^t  will  n^e'd  to  be 

'm^asure^^     We  detect   the  fact 
that  air  is  moving  by  observ- 
ing the  movement  of  things 
with*  which  it  Cjpmes   \h  contact. 
However,    i^  thef  speed  of  air 
were  a   fac^:or,^a  measurement  \ 
of  it  would   have   to  be  made. 


Since   the  geranium  plants  a"re 
s,till,  on  '  hand  ,   they  shou-ld^be' 
used.  '  >  V 


A  branch  vjith   relatively  few, 
or 'smaller,    leaves  C9U Id* be 
^s'ed  to  -compare   its  water  loss 
with  a^Jartanch  containing  mo^e 
or  iar^gei:  leavers.  ^  Ij^e  second  • 
branch   should  have  obviously 
rf^B>^ate*r  leaf  surface  exposed. 
'  To  me^asure  the  actual  areas  of 
leaf  surfSi^^e   is  too',  cliff  icult' 
for  children   to  do.         ,  ? 

Th'e  braiiches  'could  be  cMt  oft 
and  their  s tems  put  into  tei t 
tubes  containing. water.  Test 
tubes-  can  be'  ap^r^xii^a tely 
S/B  in .   X  4  *ij 


r 
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•  Howv^anyyou  determine  how. 
I    much  water  ds"  lo"st  by  the 
"leaves?- 


•  What  cjftntrols  should  be 
set  up? 


Ask  the  chil-dren  to  set  dp 
their  experiments  and\  rum 
them  in  group%  of  5  'for  four 
days.     Have  each  group  th.en 
report  on  its  findings. 

84 
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100  mm)  .      (This  siz'e  test  tu^e 
is  called  for  in  later  sef- 
quences.)^    Cuttings  prepared 
in  this  n\anner  can  late^  be 
kept   in  l.arger  containers  of 
*water  until   they  grow  rootls 
and  then  potted. so  as-  to  pro- 
duce new  :geifanium  plants. 

Begin  Vith  the  stem  and  test 
tube  filled  with  ^irater.  Weigh 
it   in  the  beg^inning \and  each 
day  for  a  period  of  tour. days. 
Test  tubes   can  be  put   into  'the 
babyf ood  jars  and  le5t  ther_e__. 
for  weighing.      It  vUll^no't  be 
necessary  .t^q  deducjt  .the  ^weight 
of  jaf  ancj,  test  tU'be  ,each  time 
^b.e cause  their  ^weight  ^will  be 
the  same  each  time.-  .The  loss 
y  iti  weig.ht  wilJ.,be  accounted  . 
for  by'  loss  of  water. 

One  full   test  tube  of  water 
should  be  set  up  without  ^ 
geranium  cutting  in  it.  Ral^her 

.than  a  geranium  cutting^  it 
3hould  have  a  pencil    (far  in- 
stance)   in  it  with  a  small 

.paper   fa^n  att.ached  to  >the  . 
upper  end  ^of  the  pencil-.  ,  The 

"pencil  occupies  approxiih^tely 
the,  same  spkXe  within/^and 
abov^'.the   test  tubes^as  the. 
'  cuttings'  do.  .  Whatever  water  as 
lost  from  this^  setup  will  ap- 
pro^ imatfe  the^  amount  ev^ipo- 
rated  fv2;om  the  siJjpf ace  o'f  the 
water  »in  tbe^  tesi:  yubas  with 
the  cutting's.  '^The  amount  it. 

.looses   should  th^  be  sub- 
t^^-cted  from  the  amount  i  lost 

*frolS(^,  ^est   tiibe^  containing 
cuttings   to  find  the.  amount 

»actually  lost  by  the  leaver.  ' 

riere  are   the  findings   from  one 
exp'eriment  conducted  ^s  sug- 
gested above .     The  weights 
record^ed  are  fir  ^he  ja*r  in  ^ 
which   the   test  tube  was  held/? 
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COMMENTARY 


plus   the,  test  tube,   water  ,^nd 
cutting.'  No.    1  was   the  setup 
for   the  cutting,  with   thg  esti- 
mated larger  leaf  sur.face  ex- 
posed.     No .   2  was   the  letup  for 
the  cutting  with'the  estimated 
smaller  leaf  surface  exposed . 
No.    3  was   the   control   setup  of 
test   tube,   pencil,   attached  . 
faQ,    and  ^ter. 


7. 


V 


Set- 
ups 

«  "Days 

1  ^ 

2  . 

4 

^'"^o .  It; 

8g 

116, Lg 

113 

1 

.6g 

111 

.8g 

No  .  2^ 

iji. 

Og 

109. 2g 

108 

.4g 

107 

.8g 

Ill . 

5g' 

110^*.  8g 

110 

.*3g 

109 

.9g 

1% 


SdFup  No.    1   lost  7-grams'of 
water#in   the   four  days.   No-.  2 
lost  3.2   grams;   and  No.    3  lost 
1.6  grams.    "From  ^his   it  can  be 
inferred  that  tlie  .leaves  ^  in 
setup  'no^.   1  lost  'S^4.  gram?,  \ 
(7-1 .  6)  ,  .  anci  in  No.-  2  they 
^  v^,  gleams  (3.2-1.6). 
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Ask  what  conc-lusrions  can  be 
irtade  .based  upon  tl^eir  find- 
ings. 


Now  ask  tlfe  children  [how  they 
can  usre  the  .setups   they  pres- 
entlii  have   to  conductVah  ex- 
periment that  will   help  them 
to  answer   the  questi^on  regard- 
ing the  effects   of  mov.ing  air 
on  water  Ic^ss   fifbm   leaves,  ' 


' Af t«r  they  have  ysompleted 
their  w"eighings/'f or   the  fourth- 
day,   have   them  make  compari^r 
son^,    Sjetqp  b^  set-up! 


1 


r  ^  : 

3.^  Summarize   this   Activity  by 
discussing  i^uch^  questions  a^ 
theSLfi:  V 


•  How  does  wate^r   loss  from  the 
leaves  of. green  plants  af- 


fect th^ 
t  hem?^ 


air  surrounding'" 


•  How  does   the  loss  ^of  water 
from  leaves  affect  their 
temperature? 


COMMENTARY 


The   findings  ,  vfill   clearly  lead 
to  .the  conclus  ion<*  tha  t  the 
greater  the  leaf  surface  ex- 
posed to  the  air,    the  g^r^e a t e r 
the  lo^ss  of  wa't ^r , 

One  workable  plan   is   to  refill 
t^ieir   three  test  tube^|prs  ^be- 
fore,  weigh  them,   and  g^t^t^hem 
in   an  air  jcurr.ent  produced  by 
tfi'e  elec'tric'  f  an .   .They  should 
also  'be   locat^<^  in  a  well-  - 
lighteja^  place.     The  setups 
should  bTe  weighed  at  t;^he  same 
intervals   they  had  previous ly 
been  weighed'. 


Here'  are   the   f indings^^^iStained 
Vhen  the   setups  pr^viodsly 
referred   to  were^put   int^o  an 
air  current  produced  by" a  fan:. 


t       .  Days' 

Set- 
ups 

1 

2 

3  ' 

4 

— ^  

No  .  l' 

119  . 1 

il2  .0 

105  . 1 

101  ,  2 

No^.  2 

lit) .  8 

105.7 

100  .2 

96  .  3 

No  .J 

112  .  1 

109*.  3 

106  .8 

1D5.  1 

Note  that  a  cons idefcTbly  l^arger 
quant i ty  of  water  was   los£  by 
geranium'  l*eaves  when  »they  were 
placed   in  a  curren.t  of  airr.  ' 


As   wa"ter  vapor^  mi.xe^s  with  bther^ 
gase^,^  in   the   air,    it-  increases 
the  relative  humidify  of  thel, 
air.   •  •  ,    .   '  .) 

Heat  energy  ,is  used  in  change 
ing  watfer   from  a   liquid  to* a 
gas.     As   heat*  energy  is^  taken 
from  the   leaves their  , 
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TEACH  IN<}   SEQDE^NCE  , 


•  What  are  some,  'of  the  envi- 
ronmeatal   factprs^  affeqt-*»^* 
ing  water   loss  by  leay.es?- 

•What  is  a  plan  t  f'ac  tor  '  that 
wou  rcT^af  f  ect  wa tei:   l^os s  by 
leaves?  '  • 


COMMElltARY 


temperature  becom'es   lower .  f 
thi-s  did  npjc  happen,    leaves  i 
d infect   suniight  would  became 
seriously  damaged.        *  I  - 

i  ^ 

,*Radiant  en.ergy  frorti^t'hl  sCin, 
,relati\w  humidity  of  the  air 
and  movement  of   the  air. 


The   relative   siie,   shape,. and 
number  of   Ijeave'a^,    all  of  which 
affect   the '.surface   area  fex- 


,pos  edi,* 


EXTENDED  E^XPERIENCES 


1.  A  modification  of  the  experiment -des cribed  o'n  page  0'GO  miglvt 
be  p^formed  to  fin^  out  jf^om  which  side  of  thfe  leaf  most  of  the 
water  evapor at^s       Th0  6hildren  could   set  up   some  p^ant   leaves  ' 


with  vaseline 'on  the   upp,ef  side  and   s^^e  wi th  va.se  1  ine  on  the 


Most  of   the  w«ater  evapjcSrates   from  ^the  urideirside 
leaf  where   the^re  a(|:e*iabre  ^t  iny'.  operfings^^cal  l^ed 
stomata   in  the  epidermal   layer  of  cells.  ^  The  air  movin,^  out 
of  the ^stomata  contains  more  water  vapor  than  the  aipNnbV" 


lowp-r  side, 
t^e' geranium 


ii^.  The  plant  looses  much  of  its  wat\er  in  this'  manner.  ]  similar  \ 
experiments   could^b^  {jonducte^  with  at,h?^r . type s  of  pott^pd  plant§^' 

ejis  ,*  arid  , English   Ivy.    tilone  .of  *  th£s^ /-plWnts 
upper  epiderfnis  of   their*  l^a ves^  ^  "flR  |  \  '  ] 


such-  as  Begonia , 
h'^s  stomata  in  t 


pid( 


Stomata  in  ^ep 
Ijie  microscope^  at 
cVan  bje  .made  of.  extremely"  t^ 
It  is  peeX^-off.  the  lea^/' 
closed  and 


de rina  1  of  leaves  can^e  c^b swerve ji  with  } 

450|c  ^ma^uif  icatLon.      To'  "vtievT' t-ti,em,   Wei  *  mount^J 
-^^.j^*  iay§rs   of  trhfe   Tower  -ep-ideVmis  a,^ 
Here   is/ what  a     to^aiS'^ look s  «^i^ike  / 


open , 


'    i'  96 
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3.  €*he'  relative   rates  and/or  amounts  of  .transpiration  from 
different  types^  of  trees,   shrubs,   and  garden  piants  car;  be 
inves  tigated , as   they  are  growing,   by  using   the  plastic  bag 
technique.      The  bags  can  be   tied  onto  the  ends   of  branches  with- 
out  harming   the'  plant.      Where  such  comparisons'  are  being  made, 
caice   shotild   be   exercised   in   get  t  i*ng  .  approximately  the   same  dum- 
ber and   size  of   leaves   into   each  bag.     Finally  an  experiment 
might  be  done   to   find  out   if   a  branch  of   leaves   inKthe  sunlight 
will   transpire  mo^^   than  a   shaded  branch.      (Radiant  energy  he^ts 
the   leaf  and   increases   the  rate   of  t  r^spiifation .  ) 

i>lants   such  as   evergreen   tree^and  cacti   have  modified  leave? 
that   lose^  relatively  small  amounts  of  water  by   transpiration.  - 
The   needles   of   the  evergreen  are   its   leaves;    the   spines  on  a 
cactus  are   it^  l^aveT^      In  both   types  of   leaves   the  surface  ex- 
posure ^is  much   less    th,an   it    is   in  broad-leaf  plants.      An  inves- 
tigation of  water   loss^  from   these  kinds   of  plants  would  be  a 
highly   i  nt  e  r  ert'i  n'g  projept. 

4.  Sonte  children  may  be   interested-  in  conducting  a  long-term 
(3  1:o  6  month)    survey  of   variations    in  relative   humidity  in 
several  different  nearby   environments   such  as  J     a  playgroun'd, 

a  gras^  park,   a  w^oods,   .a  swampy  area,  .and. a   large  parking  lot. 
If  possible,   the   r^'elat.ive  humidity  sKoald^be   checked  every  day  " 
at  about  the  ^same   tinie^    After  the  survey<^is   coippleted,   a  report 
could  be  written   in  which  the   findings  of  the   survey  are  report- 
ed,   along  with  possible   e,xplanat  ion^s   of  difference^   in  relative 
humidity  from  day   to  day  and   from  one  place   to' the  o.thejr. 
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Activity  5      Action  \n  the  Underground 


V 


This  Minisequence  was   introduced  with   an   invest iga'tion  af  soil. 
The   investi'gation  included  consideration  o f<  t he<  in te ract ion 
pr'ocessej^by  which  soil   is   forJaed,    the   complexity  and  varif^bil- 
ity-of   its   composition,^  oae  of  the  w^ys   it   interacts  with  water, 
and   the   comparative  plan t-growth-producin^  qualities   of  differ- 
ent  types  of  soil.^    It  was   later  s'hown   that  one  way   in  which 
plants  and  animals  change   their  environment   is   to   release  carbon 
dioxide   into   it.      However,    g-reen  plants,   during  their   food  mak- 
ing periods,    remaye  some   c^f  the   carbbn   dioxide   and  repla-ce  it 
with  oxygen.      This  carbon  dioxide-^oxygen  cycle^is-  one  of  the' 
ways   ^n  which  a  community   of   livLng  things   interacts  with  its 
environment.      In   the   pre c eedi ng<Ac t i vi t y  the   children   found  ^ 
that  plants  also  change   their  Environment  by  adding  water  vapop 
to  it.      Such   changes,  *in   turn,   have^  an  effect  upon  plants--fehus  " 
providing  another  example  of  how  1  i  ving*' t  hi  nge   may   interact  with 
their  environment.  , 


V 


In  this  ^-Activity   still  another  example   of  the   interaction  of 
living  things   with  their  envirorftnent   is   investigated:  Collec- 
tions of  woodland  litter  are   examined   for  the  pr;esence  of  animal 
life  and  evidence   of  ^its   interaction  with  other  'components  of 
the    litter  environment .      The   larger  animal   specimens   are  removed 
from  the   litter  and  examined.      The.  litter   is   then'  sub j ec ted  to  ■ 
conditions   that  change  dramaeically   the   environment   to  which  the 
smallei:  animals   remaining  in   the   litter*  have   become  ^accustomed. 
•  As  a  consequence   of  th^ir   reaction   to  such   environmental  chan^(3:£S 
th^y  migrate   into  collecting  bottles  where   they   are  examined.' 

MATERIALS    AND   EftUIPMENT:    ^  .         ^       ^  ' 


1     hand  trowel 

♦ 

1     roll  of, plastic  tape 

\ 

1     pint    (500, ml)    of  rubbing  alcohol  "  *v 

microscopes,   40x,  'one   for  every   three   or   four  children 
«         if  possible,    arm  slides  "*  ^  . 

Iboxoftoothpicks 

'For   each   group  of   three'/or*  four  children: 

1     plastic  ba^of  woodiand  litter.      Bags   should  be 
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'approximately  one  gallon  capacity    (See  Preparation  - 
: for  Teaching) 

.magnifying  glasses 

2^    popsicle  sticks  '  ^ 

1     double  she.^  of  newspaper  ^  V 

1     thermometer,   -20®C'to   50®C  ^  * 

'       \  '  .  if 

;  \1     c^'rdboard  box,   approximately   8  in.   x  8  in.    x  8  in. 
/     *       (2Cr  cm  X  20   cm  X  20  cm)  '  • 

1.12-in-.  (30-cm)ruler 

1     Gooseneck   lamp,    on  its   equivalent,    containing  a  lOOW 
buljD 

1,    funnel,    5  in.    (13  cmJ    top  diameter,   or  its  equivalent 

*  M  \ 

1    ^scre^en,    14-in.   mesh,   o^  wire,  gauze ,   5   in.   x  5  in< 
(12   cm  ,x  12   cm)  ' 

1     sheet  of  black   construccid^  paper,. 8-1/2  In,   x   11  in, 
(21   cm  X  27  cm) 

1     baby-food  jar/ 

1     aluminum  p^n*,   4  in.    (10  cm)  <iiaTne'^er 
"^j    '      1     pair  of  scissors  '  - 

A'     paivin^  kn'if e-  ^ 

5      3   in.    X  5   in.    (5   cm  x  jL3   cm)  icards 
PREPARATION   FOR  TEACHING:  v  .  * 

\      '  ■    ■         ^   ■  •  "  .    ■  /  \ 

NIn  preparing   for  Section   1,    locate  a  wooded  area  whete   there  'are 
a<c>^ing  leaves,    rotting  wood,    and  other  such  woodland  litter 
on   the   ground.      Such  a  wooded  are^  need  not  b4  very  'large.  Suit- 
able areas   can  u-sua:}.ly  be   found'  even  in  u rb an °  parks.      Soon  after 
a  rain,  -visit  the  woodlahd  area  and  collect  10  bags   erf  mo-ist 
litter,    or   about   10  gallons^    'A  trowe^l  may  be   used  to  dig  up. 
the^  li-tter;    however,    it  should  be   sufficiently   loose  %o  that  you 
can  dig  it  up  wi tl;i?!^your  bands.'    Be  sureSthat  you  dig  it  up   to  a 
depth  of  at   leasti4  inches.      There  "in^^y  be  a  few  low  plants  growl- 
ing in   th^e   litter.  ,  Sufficient  litter  ^hould  be  put  into  each  « 
bag  t;o  'fill  Tt  about  one-third^  full.    ,p7hen  the,  bags  are  retumfed 
to   the,  classroom,   the   litter'  should  be   sprinkled  with  water  and  ^ 
the  bags  stored  in  a   large  cardboard  box  away   fr.om  the.  light. 


\ 
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I-f  litter  should  show  signs  of  drying  out  before  you 
to  us6  it,  add.  as  much'^as  a  cup  of  water  to  each  bag 
sit   for  a  day  or   two?     t  t-   ^^.^rc,^^?    ;  mi^^^*.  ^ « •  lu  _ 


moist  when   examined  by  tfte  children 


a 

It   ils  -very   import  ant  '  tha  t  the 


are  ready 
and   let  it 
litter  be 


Irv  preparing  for  Section 
collecting  .the*  cardboard 


2  encourage  the 
boxes  af ter  you 


children  to.  ass^i 
have   sKown  them 


with  the,  approximate   d^sirfed  dimensions,  .  Make   a  display 
trap  from  one  of   the  Iboxes  by   following  these  instruction 


St  in 
one 

insect 
s  : 


that 
In 
side 
4 


the 
box . 


Lay  a  box  on  its  side  so 
the  open  side  faces 'you. 
the  center  of  the  upper 
of  the  box  draw"  a  circle 
inches  in  diameter.  Thi^s  can 
be  done  with  a  compass  or  by 
using  a  pencil  to  punch  two 
holes.,  2  inches  apart,  in  a 
^-in,  X  5-in.  card.  With  one 
pencil  hold  one  hole  over 
center  of  the  side  o'f  the 
Put  the  point  of  a  second  pen- 
cil through  the  other  hole  and 
draw  a  circle  around  the  first 
hote  as   its  center. 

With  a  paxing  knife   cut  tlie 
circ/le  out  of -the  box.  -You 
now   have  a   hole  which   can  be 
used  to   supp^5)rt   the  f.unnel 
when   it   is  placed  into  it. 
Cu^t   a   5-inch   scfuare   out   of  »the 
black   construction  paper   a n^ 
lay   it   aside  ^     Cover   the  out^^ 
^side  of   the  vfunnel  with  the 
remainder  ofl  the    cons  tructio-n 
papery   so  that  no   li'ght  will 
enter  the   funnel    from  its 
side.^Use   t-he  plastic  tape  to 
attach   the  pa^)er   to   the  outsids 
of   the    fiunnel.      Now   insert  the* 
funnel    into   the   hole^.      Put  a  ^ 
screen  on   top  of   the  funnel. 

Now   draw  a   circle,    3   ir^hes  irt 
diameter,   o*n   the' "5-iocfn^square 
of  fcjlack   cons  traction  ^'aper. 
After  the   circle   is  drawn, 
care  f ully  -cut  it 
piitting  through 
the   square.  Lay 
construction  pape  r,, 
hole   in   its  center. 


/ 


O'Ut  without 
any   s  ide  s  >  of 
the    square  of 
with  the 
"^'^.n  top  of 
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/  ^  i 

the  screen-.    ^S'Ut   the  bottom  out  of   one   of  the  47inch  aluminum 
pan.s  and  place   it  oyer   the   circle   in  the  black  ^paper.      Put  a 
'    baby-faod   jar  u^der   the  end  of   the    funnel.     Arrange   the  goos«e- 
neck  lamp   so  that   the   bulb   is   about   4         5   inches   above  the 
pan . 

When  a  handful  of  woodland   litter   is  placed   into   the, bottomless 
pan  OB-  the   screen,    and  the   light   turned  on,    small   insects  will 
mo^ve  downward  ,*  away   from^the  light   an4   heat.     As   they  mo^e  away 
from  the  heat:  and^^light  they  will   fall   through   the   screen,  into 
the*  Sunnel   and   then   into   tjfte  baby-food    jar.     About  on^   inch  of 
alcohol   should  be  pu-t   into/  the   jar.      This  will   kill    the  insects 
-^and*  make   it^posgible   to  examine   them  later.     To  prevent  stray 
insects   from  flying   into- the  ^j ar ,    cover    it  with   a   card.  'The 
card   should  have   a  hole   in   it   large   enough   for  'the   funnel  tube 
toenter.  ^  ^  * 


ALLOf:ATION   OF    TIME  i 

This  Activity  'should  take   a  minimum  of'  two  hours  of  cla'ss  time. 


TEACHING  SEQUENCE 

.   '  '     "  \- 

1.  You  might  introduce  this 
Activity  by  asking  the  chil- 
dren where  they  would  go  .to' 
^hunt  wild   animals.   •  v 


When  the  woods  a^re  mentioned 
as  ^a  i^lace   to   hunt  wild  ani-*. 

als,    ask  where   they  would 
look   for   the  "-wild  animals  in 
the  woods  . 


pour  out   one-  bagful  o£  littef" 
onto  a   sheet   of  newspaper  on 
one  of  the  tables.  ^Invite", 
th^e   children^to  take   a  -close 
»1  o o k  a  t'  i  t .  ' 

Ask   if  an.yone'  can   tell  where 
you  obtained  this  material. 

  J    


no'one   can   tell^where  you 
it,   explain  hha't  you  ob 


•I^ 

got   it,   explain   hha't   you  ob- 
Nta irfed   it   from  th^g   ground  in 
4.^^  wobdsT     Te»ll   them  that  -it 
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Encour age   them  to'  s ugge s t  as 
many  p'laces  as   they  can  imag- 
ing Y      Some  will  undoubtedly 
s^y  that   they  wouLd  go   to  the 
wo  ods . 


Again   encourage   them  to  think 
of   all   the  places   they  might 
look.^     Th^y  will  probably  men- 
tion such  places  ^as   in  t^ees 
or   caves,  .behind  rocks,  in 
holes,    under  dead" logs,  and 
under  bushes .  * 


After  you  pour  it  out, -  pick,  up 
a  handful  and  then  *let  it  fi/all' 
back  onto^'jthe  pile.^ 


Forest  litter  is 
i 


pr  odXiCed 


by 
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TEACHING  SEQUENCE 

is  called  woodland  or  forest 
litter. 


Arrangie  the  class  into  working 
groups   of  three  or   four,  each* 
Give  each',group  the  follo\llning 
ma t erials  : 


1 
3 
1 
4 
2 
i 
1 


bag  of  litter" 
magnifying  glasses 
baby-food   j ar 
^tootl;ipicks 
popsicle   St-  i.cks  ,  \ 
double   sheet  of  newspaper 
thermometer 


Invite   them  to  go  on  a  small- 
animal  hunt  thrcfUgh   the  lit- 
ter. ,  Have  them  carefully 
^t^ck  the  litter  in>one  mound 
on   a  double- sheet  of  newl^ 
paper. 
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J 


ari  of  the  wlldlif e--both  plants 
and  animaLs--that  inhabit  the 
woods. 


The   litter  •  should  b*^  carefully 
emptied  from  th^y:>ag   in  the.  . 
^  sam^  condit i6n  ll^Llt'^'was  ih* 
the   bag.      It  sh-oWd  iio't  be'"  * 
mix^d  up  or  sca^t^tered  over»  the 
papei:.    ^  ' 
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TE  ACH'ING  SEQUENCE 


Ask  thlm  to  describe  their 
mounds  Af  litter  as  an  envi- 
ronment for   small  ar\imals 
Suggest  that^  the 
thermgmeters  t,o 
tejiiperatur  e   ins  i 
Caution  thetiiu  aboXit 
the  mound  of  litter 


•  Do  you  observe  any  animals 
outside   the  mound? 

•  Where  would  you  expect  most 
of  the  animals  to  be? 

'H^ve  the  children,  spread  the 
litter   into  a  relatively  thin 
layer  on "their  sheets  of  news- 
pavper.      Lnstruct  them  to  ex- 
amine carefully  all   parts  of 
the  litter  for   small  animals. 
As  •  they   find  them,  enco\arage 
them  to  describe  the  animals. 
Have  them  put  the  animals  ii> 
the  jar.      (They   s.hould  keep 
the  lids  on . ) 


As   they  search,  for   small  ani- 
mals in  the   litter,    ask  tjiem. 
to   look  for  any  evidjance  they 
can  that  animals  have  been 
causing  changes   in   the  materi- 
al  making  up  the  litter. , 

\ 


Now  ask  how  the   litter,  in 
turn;   may  have  caused  chang-es' 
in  the  animals. 
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They  should  |*cobnize  the  fol- 
lowing properties  of  the  mounds 
of  litter:      3;t\  is\  made  up  of 
organic  material  primarily  from 
differentr  partsy  and  different 
kind  of  plants. \    it   is'  mois|: 
It  m^y  i>e  assume\^d  t^hat  it  ^s' 
dark   inside   the  mound.      It  i'^s 
cooler   inside  the,^  mound  t;han 
it   is   outs  ide . 


There  will   be   relaH:iveiy  few 
or  none  that, can  b^  seen.  ^ 

The  animals  are  profitably ' ins ide 
^ the  mound  of  litter. \ 

The  litter   should  be  \spread 
into  a   lAyer  no  deepei*  than  1/4 
inch.      Th^y   should^  us^  topth-* 
picks   and  the  p^ps iclei sticks 
to   separate  partvg  o-f  \jtne  \  lit- 
^ter   in  their  s e a rc*K"^-^\0 r\  ani- 
mals.     They   should  us.e.i^heir 
magnifying  glassfes   t6  Vob^erve 
•"animals  as   they  are*fo\ind. 

Some  animals   such  as*  ea\rt\iworms 
ants,    centipedes,    beetles;,  and 
spiders  children  may  be  \abvLe 
to   identify  on   their  own\ 

Small  pieces  of  dead  treefe  Will 
have  holes   in  them.     These  were 
probably  made   by   insects. It 
shou       be  possible  to  s'ee  \^here 
leaves  have  been  partially 
eaten  by  insects.      It  ma'y  eVen 
be  possible  to  observe  ants'Vor 
other   Insects   carrying  bits  Wf 
material-.      It  would  appear'  th4t 
animals,    as   th^y  live   in  littier 
are  Sl6wly   reducing   the   size  pf. 
its  particles.      In  time  t\)^ese 
will  become   a  part  of  fhe  'sail 
beneath  the  litter.^ 

Although   it  cannot  actually  be 
observed,    the  animals  have 
grown  and   increased   in  number . 
as  one   res^ilt  of  uSing 
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TEACHING  SEQUENCE 


After  those  animals   that  are 
.easily  picked  out  'have  been 
Captured  an%*put   into  jars, 
ask  if  anyone   found  evidence 
of  animals   t^hat  were   too  , 
small   to  pick  out^. 


Tell  the.m  that   they  will  need 
to  use   a  special   kind  o£  smaS^l 
animal   trap   to  c^tch   the  tiny 
ones.     While   they  prepare  the' 
trap,    they   should  return  each^ 
pile  of   litter  ta  the  plastic 
bag,    sprinkle   the   litter  well 
with  water,    tie   the   bag,  and 
return   it  to  'the   large  cardr 
board  box. 


2.     Use  one   class   session  to 
survey   the-'  QoHection^of 
small  animals^ that  cnildren 
found  in  their  initi'al  examin- 
ation of  the   litter.     Make  a 
'list  c^f   the   dif f erent /kinds 
found.     This  may  be*  dfone,  by 
act^crally  naming  them/,  ♦'if 


COMMENTARY 


material   from  the   litter  as' 
food.     As   these  processes*  fiave 
gone  on  >   the  *an;Lma\Ls   have  re- 
leased carbon  dioxide  into  the 
air,  i^hich  permeates   the  lit- 
ter,  and  di^chargfe'd  their 
e^xcrement,   which  becomes  part' 
of   the   solid  material  /ithin 
the   litter  envirc/nment .  ^  In 
these*  ways  , /  animarl4  and  litter 
have  Been  interacting . 


They  will  undoubtedly  h:ave  seeri^^ 
little  worm-like  and  insect- J 
like  animal?  that  *were  too 
smalltopickup. 


As  mvtch-*  as  one   cup  of  water*  may 
be  used  to  make. sure   triat  the 
lit4:er   i.s  ,^oaked  through  be- 
fore  it   i/S   set  aside   for  later 
examination.     Remind  the-  chil- 
dren that  the   litter  was* moist 
when  they  removed  it  from  the 
bag.  w  It  will  have  dried  out 
considerably  during  the  time 
rt  was^  spread  over-  the   sheet  of 
n^wspape r .      By   adding  water  you 
arfe  a^ttemptin^   to  return  the 
litter  environment  .  to   its  orig- 
inal condition. 


If  you  or  any  of  the  children 
know  Srbmeone  who  can  '  identify 
any  of  the  animals,  invite 


them  to  assist 
ses  ^ion  Sueh 


i 

with  this  class 
a  per son , may 
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possible,   and  assigning  dif- 
ferent children  the   task  of 
sketching  each  animal  on  a  / 
separate   5-in.   v:  ^j^in,    card,.  \ 
They  can  then  categorize  them  ) 
-  on  the  basis  of   their  observa- 
''tions.     The  names   and  sketches 
*of  the  « animal s  \^hould  be  dis- 
j)layed  in  some  promineot  place* 
in  the  classroom. 


•      .  *  \  - 
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•also  brdng  along  brooks  1  contain- 
ing pictures^of  the  sm^ll  ani- 
mals .        ^  ^ 


A  bullet.in  Ipoard  displa}^  might 
•  be  'arranged. 


animals  in 
woodland 
lItter 


3.     Display  fop   the  children 
the  insect   trap  you  con- 
structed. ^ 


Demonstrate  how  it   is  used. 
You  may  find  it  helpful  to 
show  them',^  step  by  'step,  how 
you  made   the  display  model'^. 


7 


T^he  display^  should  inclu'de 
gooseneck  lamp  and  al^cohol 
t  h'e   j  a  r  .    *  ^  • 


the 
in 


Before  putting^ tKe   jar  of 
alcohol  'under  the   funnel,  place 
a  ^handful  of  Titter  the 
aluminum  j)^n,  over  the  screen. 
•After  inserting  a  thermometer, 
into   the   litter,   rec*ord  its 
temperature.     Leave  the  ther-^ 
mometer  in  place.*  ^(^^ 
is  put   in  place  before  the 
litter  is  placed  upon  the  % 
screen  -an:d  the  thermometer 
inserted,    small"*  pieces  of 
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TEACHING  SEQUENCE 


•  What  are  the  properties  of 
•a   litter  environment? 


What  other  property 
now  be  added? 


could- 


•  What  ^o  you   s'uppose  'would 
happen   if   the  properties  of 
the   litter  environment'  were 
greatly  changed? 

•In  what  ways  are  the  prop- 
erties  of  '^^e   litter  envi- 
ronment . changed  when  the 
lamp  above   the  small-animal 
.trap,  is    turned  on?  ^       /*  , 


•  In  what  direction  will  these 
.   changes   be   taking  place? 

•  In  wh-ich  direction  will  the 
sm^ll  animals  in  ,the  li.tter 
probably  move? 

Give   each  graup  of  children 
the*  necessary  materials  t9  use 
in  constructing  their  owo 
insect   trap;     After  the  traps 
havd^-been   constructed/  have 
the   children  use   them  in  col- 
lecting the   smaller  animals 
from  the   litter  in   their  bags. 
'They   should  -put  about   1/2  inch 
of  alcohol   in  their  jars.  . 


COMMENTARY 


I 


material  are   likely  to'  falj. 
into^the   jar.^)      Now^  place  the 
jar  of  alcohol   into  position, 
but   do   not  turn   the  lighton 
just  yet; 

These  properties  are  listed 
in  the^  commen tary-  on  .page  98  • 

made  up  of  organic' material 
moi^t  inside 
dark  ^  ins ide 

^relatively  Copl  'ins^.de 

(recheck  th^  tem^rature  by 
.     residing,  the   thermometer,  ) 

Contains    small  animals . 


The   animals  would  probably 
move  out  or  die .  \ 


A,s   you  ask  th 
the   lanfp  on, 
will  receive 
ant  energy, 
absorbs  this 
perature  will 
this  by^check 
eter   reading . 
al^o   dries  ou 


is   question,/  t.urn 
T^^e  litte'r  then 

more   intense  radi- 

As   the  .litter 

energy'/    its  tem- 
r'ise  .      (Verify  - 

ing   the  thermort-' 

)     The  litter 

t . 


From   the   top  down. 


•Downwajpd  in.to'  the  jar  of 
alcohol. 


Each^handful  of  litter  should 
be  left  on  the  trap  tor  at' 
least  one   day .      I f  the  entire 
bag  of  litter  ^is   tOc  be  searched 
for   smaller  animal s /   it  will 
take   about  one  week,^  After 
each  handful  of  litter  is 
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TEACHING  SEQ.UENCB 


4.      Follow  a  procedure  Similar 
to   that  earlier  and  conduct  a 
survey   of   the  cbllectioRS.  of 
smaller  animals   that  c^me  out 
of   th^   litter  and  were,  trapped 
in   the   alcohol . 


5.      Below  'are   some  important 
concepts   that  should  bave  beei;i 
learned  in   this  Activ-i-ty.  One 
way   to   review  ^the  concepts  is 
.to  'ask  questions   that  direct 
childr^n*s   thinking   toward  ^ 
them . 

V 

•  what   is  wbodland  litter? 


•  When   is  woodland  litter 
being  formed? 


•  Why  are  there   small  anima'l 
in  woodlia^d  litter? 


•  What  ar^  the  properties  of 
a  suitable  litter  environ- 
ment   for  small  animals?- 


•  Wh-at  happesn   to  the  litte'r 
wken   a  li^ghted  bulb   is  ^ 
placed  above"  it? 


•  How  do  small  «*a|^Ainals  inter- 
act with   a  woodland  letter 
environment? 


ERLC 
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removed.,^  the  remaining  litter 
should  be  sprinkled  lightly  . 
with' water\  *    /  ' 

Most  of  them  will  be  -so  small 
"that  it  , will-be  desirable  to 
use   the  40x  microscope   to  ex- 
amine  them  .V  ^gain  encour>a-g\ 
the*children.to  sketch "and 
categorize*  the   tiny  animals 
based  on  their  observations.^ 


Woodland  litter  i6  made  up 
primarily  of  the  parts. of 
plants   that   live. in   the  wood- 
land      ^       -      •  ^  ^  - 

Woodland  litter  is  being  fo'rmed 
all   the  tirfte, 

WoodJ^and  litter  appears   to  be 
a  suitable   environHrent  for 
certain  kinds   of  small  ani- 
mal s  .       r  ^  '  " 

Darkness,   a  cool  temperature*, 
arid  moisture  make  an  environ- 
ment suitable   for  small  -ani- 
mals  foAind   in  woodland  litter.  . 

When  the   1 i tter^ environment 
is   exposed  to  radiant  endrgy ^ 
f rom  ,the  lamp,    its  temperature 
rises;  wai:er  evaporates,  and 
the'  stnall^  inhabitants,  move  outr 

Small  animals*  interact  with  *£^, 
woodland  environment  by  usihg-. 
parts  of'  it  *for'  food  and  the 
food,  dn   turn,'  contributes  to 
their  growth. 
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EXTENDED  EXPERIENCES: 


I.      A  field  trip   into   a  wooded  area  will*  add  greatly   to  the 
■,concepts  developed  in   this  A.ctivity.     Encourage   the  children^  to 
assist   in  planning   the   field   trip.      Here   a-re   some  questions  that 
may  be  helpful   in  planning  what,  to   look   for:         ',  '  ■  , 

..•What  di-fferent  kinds  of   larger,  plants   and.  animal  s"  c^h  'be  t'  * 

found   living   in   the  woods'?     These  may  include  diffe^enf 
kijids   of  b-irds,    mammals    (squirr.els,    et  c  .  )  /r  ept  i  1  eS  (snakeg,), 

■  amphibians    (frogs),    insects,    trees,   bushes,    lo^-growing         '  ^ 
\          plants  .  .  ^  , 

.    How. .can  you   find  the   names   of  'the   diJiferent  kinds  of  living 
things?     You-  may  be   able   to  have   someone  accompany  you  who  ' 
^an  'Identify  many  of   them.'    You.  might   also  have  book's   in  , 
the   library   that  would  help.      The   following  books   are  pic-° 
ture  guides  written   by  Herbert   Zim and-  other s  ,    and  i^ubl-ished' 
by   Si-mon   and  Schuster:-     Birds,    Flowers,    Insects,  Reptiles 
and  Amphibians,    and   Trees.      Iji  prepaijation  ,f6r   tfte  trip, 
committees  of  children  might  be   assigned  the    task  of  ac- ' 
quainting   th»emselves  with   these  l^ooks  .      -  ' 

•  What  Additional   evidence  Van  be   found   that   the- plants  and 
animals   living  in   the  woods   are   interacting  with  theic 
environment?     They  should   find   fdngi'of  various  kinds 

grouting  on  dead   trunks   and  bra^che^fe  ..of   trees.'     Fuhgi   are         '       *  t  • 

simple  plants  which   do   not   contain   chlorophyll.  There 
are  many   different  kinds  «f   fungi;     Bread  mol^d   is   a  Common 
one.      Mushrooms   and   toad   stools   are  others'.      Dead,  trees 
.  .generally  ha.ve   Larg-e   shelf   fungi  growing  on^and  inside   of  , 
th^m.     The-fungi  cause, -the  decay  of  the  dead'  tree  -and  it 
in   turn,    supplies   food   for   the  fungi.'     Birds   and  squirrels 
..     may  be   seen  .in  bushes   ahd  trees  eating   seeds,   nuts,   or-  "  '  '  » 

insects.-^  If  rocks  or   logs   are   rolled  over,  la'^ny   insects  - 

will  be   seen   scampering   in   all   directions.  <  •- 

.  How   do   the  'trees   affect   thg   envirpnm'ent  Within   th§  wiodg?.  *  '  - 

During   the  summer,   they  shade  the  woodland   flpor.   <  Th'ere- 
.fore,    you  will   s'ee  'few-of   the  kinds         plants"  that  grow      -      "         "  ^ 

■  well  on  unshaded  plots..    Trees   are   constantly  epd'ded   to  ' 

the.  Woodland- litfer.      They  also  break:  *the  Impact  of 'heavy  ' 
rains.     Their  roots-  keep  the  .earth  beneath  them-  relatively'  . 
porous.      In  these  ways   they^  prevent   soil   fro;n  wasTiing  "aw^Y 
after   heavy'  rains'.  '      '        '  ,  • 

.-••'•'. 
•    2.      The   environment  wi thin: -Moodlan'd   1  itter  'may  be   referred  tp      .       '     .  - 
'as   a   m.icroenvironment,    bec'ause   it   is    a   syall  part;  of-  a   larger-  ■ 
woodland'  environment.      Aftaa:  discyssing   tha,  i^ea   of  mioro-  -  / 

.  envirooments,.  encourage   chil'dcen   to   locate'  othei^  ones^     Such  • 
placfes  as   the   f  ollowing  m^y  be   con^ idared"  mi c ro,?nvi  ^o nmen t  s  : 
a    lawn  from  thS'soil  -surfac.e  to  the -tips  6f  blades  ,of  grass; 
the  north  side  of  a  house;    the  area  beneath  a  bush;''  the  denuQed'  ' 
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ground  around  an  ant  hill;    tTi^narrow  space  between  two  build- 
ings;   a  'flower   box;    and  a  ho1^=^-^>Ti — t~he  grjjivn^  .     .In  each  of  these 
piages   air   temperature,    relative  humidi ty ^   amount  of  sunlight, 
moisture,    and  the  liv^ing  things   that   in'habit  4.^  wili'be',  in' 
one  or  more  ways,   noticeably  different   from  the   larger  environ- 
ment within,  which   i-t   is  loccited. 

Children  can  create  micVoenvironitien t s y 
ing  things,  and  observe  haw  the  liv>!<g 
encapsulated  environments.*  Br e adenoid 
of  bread,    ih  a   see-through  contarher, 

i^lso  placed   in  the  container   and,  the   d:oa-tain.er   covered  with 
a  plastic  -wrap,    the  mold  wi^l  grow  very  'r^&pidly  •     Mold  *that'  has 
just  begun   to  grow'  on   fri^it   can  be  caused  to  grow  more  rapid^ly 
if   it-is  kept   i-h  such  an  enclosure.     Jiowever,   with, fruit  it 
would  not  be  necessary   to-  include  a   jar  of  water   sin'ce   there  is- 
sufficient  moisture    in   the   fruit   to  maintain'an  environment^  with 
high  relat^-ve  humidity. 


populate^  them  witl^'liv- 
things   interact  witji  such 
may  b$  started  on  a  slice 
I  f  .-a   smal  1   jar  o^  wat  er 


veryint;eresting.project  is  to  make  a 
'fly   far.m\     As"  the  name  implies,  frUjft 


3  •  'A 
f  r  u  i't  - 

"7T?i'e.s  are  generally   found  around  rotting  or 
.fermenting   fruits  "  Frui.t   flies   are   inse,cts  ' 
that   go   through  sever,al   artages   ih   their  de- 
velopment--froth  a   fertilized  egg  laid  by  a 
remJ^^2j^^Taji,t^' f  an  adult   fly,  Aft^r'the 

egg  "'il'^'^'ki/'d ,    it-- take's  only  a   few  days   for  it 
to  hatch  intp  a  |mall  wormVlike  creature 

/called  a  larva    (or  mag;got)  •     The^larVa  con- 
sumes  relatively  large   amounts   6f   food  and 
grows   very  rapidly,      Ih  several  more  days  the- 
larva   encase^s  ^itself-  in  a  relatively  hard 
little  case  and  is   called  a  pupa.     After  a 
few  days  of  development  as   a'pupa,.  &  full-, 
grown   fruit   fly.emergep.     This   etitire  process 
of  development   takes  less   than   2  weeks.  Chil- 
dren' can  observe  gen'eration  after  generation 
^taking  p^ace   in  a   fruit-fly  farm., 


Before   starting   the   farm  children  will,  need  a  se^-through  plas- 
tic contain^er.     An  ejcce llent  one   for   th^is  purpose   is   the  con- 
tainer  that   florists  use   in  delivering  corsage/s.     These   have  a 
hinged   lid  that   can   easily  ^e  s'ealed  with  plastic   tape.  *  An 
appropriate   size   is   one   that   is   about  9   inches   long,    6  inches 
wide  and  5   inches  fiiqh.       *  '  V        *       *  ' 

*         /  "  '        f  ^  f 

An  overly  ripe  banaaa  can  easily  be'  obtained  from 
Jhe  likelihood  of  fruit  flies  having  already  laid 
so.ggy  banana  are  ^very  good.  Howev.er,  this  can  be 
placing   the  banana. into   the   container,    closing  it 


a.  f rui  t  market 
eggs  on  the  . 
checked  by 
and  putting 


it  in  a  part  of' 
such  conditions 


the  room  that  is  out  of^  direct  sunlight'.  Under 
it   is  ^almost  certain   that  a  fir-st  generation  '  - 
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of  adult  fixes  will  develop  within  a   few>days.      If^by  chance  n^ne 
appear. wathmUwo  weeks,   the  container  should  be  left  open  for^ 
a   few  days.     The  distinctive  od^r  of  the   ripened  banana  will  : 
surely  attract  a  number  of  starter   flies.     Once  there   is'  an"  ' 
esta]il_L^hed  population,   the  li»d  of  the  contriner  should  be 
sealed  wi~4^h  scotch  tape.     A  micrpenvironment ,    including  ^ir, 
a  banana,   and  fruit  fli^s,   has  been  created.     The  banana  i^ 
so>irce  of  food  for  flies.      it  contains   suf  f  icient  Vater  to 
ep  mpisture  in  the  environment.     Even  though  the  container 
sealed  with  plastic'  tape ,   in  all  Akelihood  the  seal  will 
be  airtight.  .  There  will  be  sufficient  exchange  of  air  with 
ro6m  to  maintain  the  flies   for  as   long  as   the  banana  sup- 
les  them  with   food.  % 


TO   observe  deta^ils  within  their  .fruit-fly   farm,    the  children 
should  use  magnifying. glasses.     When  observing  the   container  it 
should  be  held  in  vari^ous  positions   relative  to  a  light  source 
m   order -to   see   clearly   such  objects   aa  the  following: 


wings,  *legs 
as   theyj  are 


smal  1 


and  antennae 
hatcjiing  ' 
onWs  to'  large 


adult  flies,   th^ir  bodies/ 
.  egg^,    after  being   laid  and 

larvae,    from  freshly  hatched 
ones   about  ready  to  pupate 

pupae,    freshly   farmed  as  well  as   those   from  whpLch 
.     ±he  adult   flies   are -beginning  to  emerge 

From  week*to  week;    the    fruit-'fly   farnT  should  b«  observed  by 
children. to  note   any  'observable  changes, in  the  i-nteraction 
between   fruit  flies   and  their  environment.    "Questions   such  as 
these  could  be  used  to  direct  their  obserr^ations  : 

•  Does  the  banana  appear  to  be  getting  smaller' 

..Are  other  living  things,   suj:h  as  mol^s,    finding  this 
"  e/ivironment  a   suitable  one^'  .  ^  ' 

,  '      •  i  '  *  •  • 

.  Does. the  number,  of  .flies  in-^he   fruit- fly 'populatio^i, 
appear   to   be .  cheing*ng?  .     .  ,  • 

•    -       •^  •  .  ' 

•  What  happens  to   fruit   fly  activity  when  the  contTiner  is 
placedonicecube's? 


■J: 


4^ 


.  What  do  you  think  about"  th'e  relative  humidity  \n 'the 
container? 


er|c 


In  one  such  farm,   over  a  period  of  six  weeks,   the  banana  ap- 
peared to  be   getting  smaller.      There  was   a   good   deal  of  brown* 
liquid  around  the  banana.     Mo  other  living  "things,   besides  the 
banana  and  fruit  flies/  were  observed..   "The  number  of  fruit 
flies  appeared  .to  be.  approximately   the  same   from  week   to  week. 
•TJumeroUs  dead   flies  could  be  ob^served  in  different  parts  of 
the   container.     wiien  the  con-tainer  was  cooled'-by  putting  it  on 
ice-  for  a  period  of  time,  moveme-nt  of  the  fruit  flies  appeared 
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to  be  less.      As   indicated  by   deposits   of   liquid  on  th^   lid  and 
walls  of  the  container,    the   relative  humidity  remained  high 
over  most  of  the   six-w^ek  period.'*         •    .     •     *  ,  *  ' 

It  is  recommended  t.hat  each   group  of  children  who  st^rt  a  fruit- 
fly   farm  keep   it   for   as   long  as   flies  can  survive  within   it'.  If 
records   are  kept  of  such  changes   as   the   abov^,,   children  will 
have   a  better  concept  of  hpw  living   things   interact  with-  their 
environment,    arid  'how  1  iv  ing  .  things  may  eventuaMy  change  the 
environment   so  that  they   can  no   longer  li^^e^in  it» 

-    V         .  .  ■ 
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MiniseC|uence  II 
Heat  Energy  and  Hydrate  Bonds 


The  Minisequences   in   Grade  6 ,    for   tH^   most'part^   serVe  as  cuTmin- 
ating  experiences'  in  developing  the   five   conceptual  scheme^s  se- 
lected  f^r  the  *COPES   curriculum.      Observations  yon   livin^tr  systems 
and  their  enviro'nment  in   Minisequence   I  were   use4  to  develop 
further  the  concepts   withinv the   scheme   Interaction  and  Change. 
The   Conservation  of  Energy  'conceptual   scheme  has 'been  d^,yeloped 
along  two  major  lines--conservatipn  of  heat   energy  and  conserva- 
tion of   energy   in  mechanical   systems.      Minisequence   II   of  Grade 
6  is  intended  as   a  culmination  of  the   heat   en^S^^gy   story  towards  * 
which  specific  Minisequences   in  Grades   3,   A,    and   5  were  directed. 
(Minisequence  VI  will  deal  with  conservatiorj  -  of  energy   in  mechan- 
ical systems.)       ^  'l.H 

The   storyline   started  in  Grade  4  with'  the   conce'pt  of  the  heat- 
energy  unit    (h.e.u.)    as   a  measure  pf  theirmal  energy  Vhich  could 
be  «used   to  keep   track  of   this   energy  when   samples   of  water  were 
mixed.      Subsequently,    in  a  series  of  Activities,  concerned  with 
the   role  of  thermal  energy  and  change   of  s  tat  e     'children  ob- 
served the  J'disappearance "  of  the  Measured  heat*  energy  of  a 
sample  of  water  wh^n  mix^d  yith  its   solrd'--a  piece  of  ice.  A 
model  was   developed  to.  help  account. for  this   absorption  of         ^  " 
^thermal   energy  ^during  the  melting  of  a^solid.    ^According  to 
this  mod^l,    the  absorbed  heat  energy  was   us^d  to   free  molecules 
from  binl^ng  forces  holding  them  in   th,^.  fixed  patterned  array^ 
characteristic  of  a  solid  structure.    .The    fi^eed  molecules  of 
the   liquid  were   inferred  to  possess  more   energy  than   those  in 
the   solid  by  virtue  of  the  energy  absorbed  to   form  the  melt.^ 
Chan-ge   of  state  was   further  extended  to   the  observation  tl:i-at 
heat  energy  also  had   to  be  .absorbed  by   the  molecules   in  a  liq-  ^ 
uid   in  orde'r  to   free   them  from  any  bonds   holding   t^hem  t'o  neigh- 
boring molecules--result ing  in  completely  ^ree  molecules   ir>  a 
gas.     Similarly,    they   observed  that   to  change  a  ga-s  back  to  a 
liquid,   and  ^  liquid  back  ±o  a  solid^   heat   energy  had  to.be  re- 
/ifioved.      Thus   the   liquid  Was  ^considered  to  ^be   in  a  higher  energy^ 
state   than   the   solid,    and  the  ga's   to  be*  in'  a  still  higher  energy 
state.      To  change   from  one  state   to  a  'higher   energ*y  state  re-* 
quires   the  addition  .of    (thermal)    energy,   which  serves   to  break 
the  bonds  holding  the   molecules   in  position.      Conversely,   to  go  .* 
from  a  higher   to  a  lower   energy  state    (e.g.,    liquid  to  solid) 
involves   removing  the rma  1 '  ene rgy   so  that  ,the   bpnds   can  r*e-form..'. 
In  Grade   5,   Minisequence   III,   th/fese   concepts  were   ex*tended  to 
the   solution  process   which  involves   tfie  breaking  up*  of  solids 
•    (dissolving)    by  placing  them  in   suitable   liquids:     In  this  pro-^ 
cess,   as   in  melting,    it  was   found  that  the   molec-ules  of  the 
solid  absorb  heat   energy   as  they^re   freed   from  their   fixed  ; 
positions    (i.e.,    their  bonds   are  brokeji)  .      In  dissolvi^ng, 
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h>Dvever,  .tlje  necessary  'heat  energy  ife   taken'from  the  sdlvent, 
rather   than  supplie<^  from  outside   the   system.  * 

The  present  Minis^quence  will  again  be  concerned  mainly  with 
overcoming  bonds  in  solids   but  with  a  very  distinct  difference. 
In   melting  and  dissolving,   where   freely  flowing  liquids  are 
formed/   the  Jsopds  holding  the   units  of  matter   in  the  st;ructure 
exist   thjroughout  ^the  so  lid-- one  unit  may  be  held  by  several 
bonds  ,    eaqh  one  hold^ing  it   t^o  a  neighboring  unit  in^  a  particular 
directloA^     Heire  we  will  consider  another   type  of  l^ond--a  chem- 
ical,bond*      This^  bond  is  di'rectied  between  two  units  of  matter, 
either  'two  atoms  or   two  mble'cules.      Chemical  bonds   can  vary  in 
strength  between  extreme  values  :     a  moderate   amount  of  energy 
can  break  the  bond  between  units  of  water  and  of  copper  sulfate, 
while   extremely  lar^e  amounts  of  energy,   not  available   in  the 
laboratory  unless  one   resorted  bo  electrolysis,   would  be  needed 
to   break  the  bonds^ holding  the   ugits   of  hydrogen  atdms  and  oxy- 
gen atoms  within  the  molecule  of  water.  . 

'The  bond  between  units  of  water  and  of  copper   sulfate  is  called 
a  hydrate  bond.      The  experiences   in  this  "Mini s equence  will  ex- 
tend the  concept  of  energy  and  bonds   to  the   specific  chemical 
bond  between  certain  salts   and  water  molecules,   known  as   a  hy- 
drate bond,    and  subsequently  to  another  example  of  such  chemical 
bonds.      Blue  vitriol,   known  chemically*  as   the  hydrated  form  of 
copper   sulfate,    is   one  hydrajte^d  salt  which  the  children  will 
investigate.*     As   the  name   implies,    the  (iolor  of  thfe  hydrated 

'salt  is  blue?    the  anhydrous   form  is  white.      Thus   the  bonded 
Water  changes   the  properties  of  the   solid ^salt--the   color   is*  no 
nger  b^ue.     A  gre^t  mapy   salts^^e   found  in  both  hydrated  and 
a^hyd  rdus   forms  ?   however,    there  ileed  not  be  differences   in  color 
be'tween   the  two.     .Epsom  salt  -(magnesium  sulfate)**  is  white  \n 
both  its  hydrated  and  anhydrous   forms*-    Agaiit*  the   children  will 
find  that   energy  must  be  absorbed    (by   the   hydrates)    to  break  the 

•  bonds;    and  when"  the  bonxis   re-form,   this  energy   is   released.  Us-, 
ing  the   model  of  bond  formation    (or  breaking)*  developed  in  ear- 
lier grades,   they   are  able   to  infer  that  the  dehydrated  salt  is 


*Chemica-l   formulas  .are  ofte-n  u'sed  to   represent   the  composition 
of   the   salt  with  its  bonded  water .      T.huip^   blue   vitriol  is* 
written, as   CuS04«5H20«     This  indicates   that  there   are   5  mole-  • 
cales  6f  water  bonded  at  specific   sit^s  on  the  CuSO^  .  (copper 
sulfate)    molecule.      The   chemical   formula -  of  the  white  anhydrous 
fo'rm  is   simply  CUSG4.     Not§r  that  copper  s ul fate'' throughout  this 
Mlnisequence   is   referred  to  witih  the   children  as  blue  vi^friol 
only..     The   chemical   name   is  not  .used.      In   the   next' Mlnisequence , 
the   children  discover  that   copper  is   a  component  unit"VDf  blue 
vitriol.'*  ^  •  ,         •  ^ 

**The   formulas  of  the  hydra'ted  and  anhydrous   forms  of  epsom  salt 
iWould'be  MgS04«7H20  and  MgS04  respectively.      In  thd  hydrated 
form  thete  are   T  molecules'  of  water  bounded  to  each  molecu'le  of 
magnesium  sulfate.  a  ^  m 


at  a- higher  enei^gy  ,s  tate   than  the   salt  with  its  water  bonded  bo 
it  since  the  solid  has  to, absorb  energy   to  break  these  bonds. 
This  additional   energy  is   released  when   the  boncj  to  water   is  re- 
formed*     Thus   the  purposes  of   this   Mini s equenc e'  are   first' to 
introduce  another  type  of  bond- found  between   miits  of  master 
/Old  to  reinforce   the  concepts   introduced  earlier"  that   the  brfeak^ 
ing  of  a  bond  requires   the  absorption  of  energy   and   that  energy 
will-be   released^hyn  the  ^reverse   takes   plade.      It  is  further 
.rein'fotced  that   the/ subs tane^e   formed  as   a  result  of'the  absorp- 
tion of  energy,    wh^e^t^^her  •  a   liquid,   gas  or  anhydrous^  salt  and 
water, ''Will  be  at  A  Higher  energy  state,   or  level,   than^  the 
corres^f^onding  solid/  liquid,   hydrate,  et^c. 

The   first  Activity  is  a   review^pf  the  effect  of  heat   energy  as  ' 
the   children  obse/rv^   the   ajDility  of   different  heat  sources   to  - 
melt  several   solyds.     Then  heat   energy   is  added  to  .two  solids 
which  do  nQt  behave   in  the   usual   manrter--table.  su^^r  'and  blue  , 
vitriol.      Both  c^hange  color,    but  whereas   the   former  also  melts, 
the   latter  does   not.    .Are   these   rev^rsi'ble   changes?     In  the  case 
of   the   simple  m^l,ts,    the   children  see  that*  , as   heat  energy  was 
removed   the   solid  ^state   re-fqrmed.      They   f;Lnd   that  cooling  the 
sugar  and  copper   sulfate  -does   not  bring  back   the  original  con- 
ditions.^^ -Thus   they  ^re   led  to   infer   ^hat  different  types  of 
interaction  may^  be  taking  place  there, 

In  the'^^econd  Activity  they  inve  s  t^^^g^t^N^he  )  in  te  rac  t  ion  of  ?ieat 
energy  and  blue  vitriol   still   further.,    mie^y  observe  under  the 

>z   a  ( 

pear  in   the   cooler  portions   of   the   system.      They  discover  that 
the   colorless  liquid   is  wa^er  because  only^  when  water   is  returned 
to  ^the   system  does   the  blue  vitriol   re-form;    and  when   it  do.es 
so,    it  as.  with  .the  release  of  heat  .energy.     They  observfe  the 
same   type  of  interaction  with  epfsom  salt  whdc'h   does   not  change 
color  on  dehydration.  -  They  can   then   relate   the  interaction 
with^  ener^^y   to  the  removal*  of  bonded  wate'r   rather  than   to  any 
change  of   state.  "  '     .  •  ^  , 

A  model   of  what  might*'be  happening  at  the  luolecular  level  is 
developed  in  Activity   3.      By  m^ean.s  of  a ''marble  model',    the^chirl-  ' 
dren  a^re   led   to  conceptualize   the^  bonding  of  wat'^r  molecules,  to 
a  salt  with   none   of   the  ,  charac  te  r  i  s  t  ics   o,^   free  wlter.     Upon   the  > 
addition  of  heat   energy,    the^^bonds .  are   severed  and  water  is 
lost   ftom  the   system..    The  mod^l   also  ^xpl,ains   the   similar  be- 
haviors. *o^  other/hydrated  salts'^  only  some  of  whigh  may  undergo 
changes   in  colo/.     iJi^  addition ,    thay  ^re  helped  to  relate  these 
concepts   to  obsjervat^ons  on  ^he   release  or   absorption  of  heat 
energy  as   different  salt s"  di s sol v^  in  water.      Their  earlier 
experiences  .in  ^rade   5  exposed  them  only  ^to  salt^  which  absorbed 
heat  energy   from  the  water  as   they  ^is'solvedr- that  is,    the  solu- 
tions cooled  down.     Now  th.ey 'ma^e  use  of   the  model  of  hydrate 
bond  formation  to  infer  'that'  i:^hen  a   salt  dissolves   in  water  ac- 
cpmp^anied  by' a  releas_e;of  heat>energy,   it  ^fe  likely  that  hydrate 


conditions  of  £he  ex^Teriment '  in  this  Act;r^'ty  that,  as  the  blue 
color  disappears   c^n  heating,   droplets  ofa  colorless  liquid  ap- 
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bonds  are   forming  between  the   salt   and  water.     Energy  is  given 
off  as   bonds   form.      But   salts   cooling  down  on  dissolving  in 
wacer  would   signal  that  hydrate  bonds  may  already  be   formed  and 
heat  energy   is  being  absorbed  as   the  bonds   holding  the  units 
together  in   the   solid  are  broken . 


In   the   last  Activity  the   concept   that  heat   energy  is  involved 
in   any   bond  breakage   is   further   generalized  by  exaij\ining  a  dif- 

:rent   kind  of  chemical  bpnd--that  between  molecules  of  starch 
and  molecules  of  iodine.      When  the  bond  is  present,   a  charac- 
teristic  deep  blue   color  is   exhibited.     'This   coTor   is   used  as 
a   test   for   the  presence  of  starch  as   the   children   found  in 
Grade   3.      The  children  now   find  that   adding  heat^ energy   to  the 
deep  bl,ue*  s  tarch-iodine   complex  results   in  a  loss-  of   the  color; 
the  bond  has   been  severed.      On  cooling    (removing  the  heat  ener- 
gy) ,   the  bond  re-forms  with  a  return  of  tKe   deep  blue  complex. 
Thus  observations  and   conceptual  model   building  on   the  interaction 
between  heat   energy  ^nd  blue  vitriol  eventually   lead  to  a  more 
.generalized  understanding  of   the   strCictur^  pf  more  complex 
;artolecules.  ^ 


The   concepts   developed  in'  this   sequence  are  as'^^'^riows 


Heat 
salt 

the  salt 


energy  that  is  absorbed*  by  an  apparent il^^ry  solid 
may  drive  off  water  molecules   that  -  were'-- bonded  to 


molecules 


The  bonds  between  water  molecuAes   and  the   salt  molecjales 
in  a  crystalline   structure  may  be  broken  when  heat  energy 
IS  absorbed. 


The   heat   energy   that, is   absorbed    (used)    to  break  bonds 
h^dimg  water  molecules   in  a  hydrated  salt  will  be  released 
wherv  the  bonds   re-form.  |  ^ 


Whelii  solid  salts   interact  with  water*  to   form  a;^olution, 

f'dlrm  during 


f 


emperat\\re  may  increase   if  hydrate  bon-<Js 
on 

When  solid  salts   int erac t^ wi th  water   to   form  a  solution,^ 
the   temperature  will  decrease   if  hydrate  bond's   do  not  form 
(or  are  already   formed)   and  heS*t   energy  is  a'bsorbed  in 
breaking   the"  bonds   holding  the   molecule s  within   the  solid 
structure .     '    '  ^  ^ 


The   anhydrous   form' of-  a  solid   salt;    (the  salt  minus  its 
bonded  water  molecules)   possesses   more-energy  than^.the 
hydrated  form    (the   sail/  with   the  bonded  water).  This 
extra   energy  is  giveij  o£f  in   the   form'  of  heat  e?iergy 
when  tl^  'hyd5;^a±e  bono^^re   formed.    .  . 
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MINISEQUENCE- I I/Activity  1 


Activity  1      Interaction  of  Heat  Energy  with  Solids 


Very  early  in  the  COPES   curriculum  children  were   introduced  to' • 
the   concept  that;  something  we  call  heat. energy  can  interact  with 
matter   m  several  ways.     One  way. is  to  cause  a  change  of  state-, 
such  as   that- from  a   solid   to  a   liquid.      Here   children  will   re-  v 
■view  differences   in  the  ability  of  certain  heat  energy  sources 
to  melt   some-solids.     The^  will  .classify  a  series  of   solids  ' 
based  on  this  observation  and  relate   these  differences   to  dif- 
f-erences  in  the   strength  of   the  bonds  between  the  molecules, 
or^uhits  of  matter,   holding   them  in  position  in  the'  solid'.  In 
the  melting  process   the   added  heat  energy  allows   the  molecule? 
to  be  freed  from  t^iese  bonds   to  become  part  of  th^  more  mobil-e 
molecules  of  the   liquid  melt.-    fl:he  heat  energy  absorbed  by'-bhe 
molecules  as  they  beoo'me  part  "of  the  melt   is,  present  -  in  the 
more  energetic  molecules  within  the   liqoii^'..    Tbus,.the  concepU 
that  a   liquid  po s s-e s ses  ,  mor  e-^ ene r'gy  than  'its'  solid  by  virtue  |f>- 
the   change  of  state   is   reintroduced  and  will  be  used  in   sub-  ' 
Sequent  Ac^ivijj.es  a^s  -children  consider  other  results  of  heat 
energy  absorption.     Children  will  also 'focus  their  at-tant.ion 
again  on  the  reve'rsible   nature  of  "this   interaction;"    RemaVaL*  ' 
of  heat  energy  ftom  a  melt   rasults   in  bon'ds  re-*orming  as  a 
solid  jgain  appears.      It  is   inferred  thit  the>  solids,  which- can- 
not, be  melted  iDy   the  heat  Sources  must  have  extremel-y  •  stroog 
binding   forces  holding  the  molecules   in  place.  *.  . 

-  -  •       •    .  ^    '  '    •  O  \  ■ 

This  review  prepares   the  children  .for   intlcoduc t ion  t*)  another  ' 
kind  of   interaction  as  heat   energy  interacts  with  'sugar  crys- 
tals a.nd  with  bJ.ue  vitriol   crystals.      In  the   f  orme  r ,   af  t  er  the 
melt  has  bee.n  produced,    the  re  ^'appear  s  a  change   in -color;  in 
thS   latter,   the'  kddi;:ion  of  heat   ene  rgy  -  r  e  sul  t  s  in'a  loss  of 
color--thg=  blue   crystals   turn  white.      Howev^ ,  .:ri6  melting  tikes 
place.     Thus,    the  .children  are  presented  with  ""a  dilemma;  when 
some  of  the  melts   lose^heat   energy!  as   they  cool  doj^n,   the  orig- 
inal  solid  re-forms.     However/  not  only  does,  blue  vit'riol  not 
melt,-  but  upon  cooling  the  color  less,  substance   they  observe 
no  return  of  the,  blue'  so'lid«.      Is   this  pi^ocess   reversible?  Just' 
what  can  this   interaction  involve?*    In   subsequent  Activities 
the   children  attempt   to   find  tbe,  answer  •  tq  these  queSlr^ons. 
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MATERIALS  AND  EQUIPMENT; 
^'or   the   class:  i 


\ 


se\)^ral    (at   lea^t   7)    wide,    squat  containers  to   serve  as. 
sources  of  chemical   supply,    e^g*,   ^Ottage . cheese  con- 
tainers       >-       .  11'^ 


♦107 


■  ■     MINISEQUENCE  II/Activity  1 


several  narrow  wooden  dispensers   such  as  popsicl^ 
sticks,   beverage  stirrers,  etc. 

' '     •       .     \        ■  •  ^ 

plastic  wrap  .  ^  * 

3    .polyf-Okaitfcups ,   6-   to  8-02  ' 

j^'*l^2     cupful  of.  ice  chips 

*  *♦ 

^  ^afe-ty  matches  ^ 

y  '  ' 

,    ^   w2     p9lyfoain  containers,   3  qt    (3   liter)    capa<y,ty,  unless 
^  »  hot   tap  wate^  is  available^ in  the  classroom 

several   jars,,  empty,  which  can  fit  i'nto   the  poiyfoaip 
QLups  ,   e/g.   a  4-oz  baby'  food  ^ar    (opt ional--see  Prepara--\ 
,tion   for  Teaching)  ,  ' 

^  '     supply  of   the   follow^ing  chemicals:      (about  '1/2   cup  of 

each)  *  • 

'  ^      «  salol    (phenyl   sa'licy late )  ^  ^ 

•       (table  salt    (sodium  chloride) 

''\    .      '      '  .  y~.  \  ■ 

*      s^ugar;  (sucrose)  \  .  ^ 

'  blue\vitriol    [copper    (cup^ric)    sul  f  ate  , '  hydrated  blue 
.  '    ^      «    crystals]*  -     >^       *  ' 

JO  "'"^aAles  of   the  same  size  and  color 

'cement,    2-partepoxy  *  , 

double-sided  maskijig  tape,  or  carpet  tape 

^      cardboard  square,   about  6  in.   on  ^a  side  ^ 

1  shallow  dish,   e.g.,   a  petri  dish*,   glass  or  plastic 
Foreachchildorgro  up  of  children:   •  *  ^ 

'l'    candle  -  '  ^  '  , 

2  poly*foam  cups^   6-   to  8-oz  *  • 

5     eiluminum  foil  muffin  cup  liners   or  3  in.   by   3  in.^ 
^'•i(7.5  cm  by  7.S  cm)   pieces  of  aluminum  foil 

1     test  t\4be  holder,  metal 
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1     magnifyin^g  glass 
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-V-  '  .       ■  '     ■    ■  ■  ^ 

*You  will^  probably  need         obtadn  this   substance  from  a  chemifcal 
supply  house.      For  all   these  Activities   the   crystals   should  be 
fine.^    Therefore^   request  ACS    (American  Ch'eijiical   Sji.pi*Le^)  or 
Reagent  gra^,    rather  than  technical  gr a^^..----T::e^hirical  gr^de  '/ 
copper   sulfate  usually  is   in  the  &orm 
are  unsuitable.' 
A  ^ 

PREPARATION.  FOR  TEACHING: 

Have  some  50^C  water^vailable  in  the  polyfoam  containers.  If 
you  have  hot   tap  wa^er  and  .children  have   access   tp   it,  you' 
want  them  to  obtainj  their  hot  water  supply  'at  the*  sink** 


may- 


Nes.t  one  polyfoam  cup  in  another  to  ^provide  better  thermal   ^  - 
insulation  arid  half   fill   tUivs"  with   some   chips  of.  ice.  invert 
the  third  polyfoam  cup  on:.^top  as  a  cover. 

When  you  are   ready  to  begin   Section  1,   put  the  Ice,  'salolS  and 
the   table   salt  in  the  wide   container?.      J«DOUt   1/4  .cup  in  each 
container  will  be   sufficient.     For  ease  of  atce^  by  the  chiT- 
dren.,    you  may  <want  to  set  up  more  than  dne  'contaijier  for  each 
chemical.     Ne:dt  to  each   container  place   sev^er^  *w6oden  splints 
or  popsicle   s/ioks.      These,  will  '  serve   ^j^^dispenSers".  Before 
cl^ss,    have' some   children  assist   in  marking  dispensers,  with 

a  line   about  one.  centimeter   up  from*  one   end.<     One  me^asure  of 
solid  will  be   that  am'ount  which  can  ^bey  pi'^cked'  up '  oji  the  marked 
fend  ;of  the  wooden  stick.     Drinking  s^iws   can  also  be   used  as 
dispensers:      simply   flatten  a  l-cm  leftgth  of^  the  ^nd  to   form-^  . 
a  small   spatula.  •  .  *^  * 

The   children  will  be  placing   some  of  each   chemifcal   in  an.  alumi- 
num  "boat"   in  this   investigation.  -They   can  use  the  metal  foil 
liners   sold  wjJih  muf  f  in /TTips"  or  they^  can'^  make  their  -own  as  fol- 
lows:'   Press  c   piece  of  aluminum  foil  around  the  ^base  of'a^jar^ 
which  can   fit   into  a  polyfoam  cup.     A  4-'oz  baby  food   jar  is 
ideal.     Leave  Venough   foil  extenc^ing  up  so  .that   ft  can 'be  picked 
up  with  a  €est-Jtube   hoTder.      Also,    there   should  be  no   seams'  at 
the   edges   through  \^ich  water  can  seep.   <  ^ 

For   Section'  2,    aglin  have  hot    (50^C)    water  available   either  i^ 
the  poly  foam .  container  or  at   the  tap.     Using  one  or  s'^veral  ; 
squat  containers   fbr  each'  ch emical ,    set  out'  about  ^1/4   cup  of 
the   followi^ng:      sugar    (suc^-ose),   and  fine   crystals*  of  .blue  ^ 
vitriol    (copper   sulfate)  .     Cover  the   containers  wit;,h  piastic 
wrap,  during  thfe  ti,me   the   children  are  not  getting  their  sup-'* 
plies  and  place   the • di f f er en t  substances   in  different  locations 
to  avoid  possible  contamination.     Place   several-  marked    (1  cm) 
clean  wo^en  dispensers  next  to  each  container.     If^Bel  the 
conta'iners  with   the   common  name  of  the  substance. 

Also,  put  6ut  the  supplies. of  candles,  aluminum  foi*l/  test  tube"^ 
holders,   polyfoam  cups  and  nfagnifiers  where  the  children  can 
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help  themselves.     Metal   test  tube  hold'efs  are  called  for  instead 

of  a  wooden  clamp  substitute  because   in   a  later  Activity  they 

will  be  using   it  over  a  more   inten*se  heat  source  which  might 
affect  the  wood'.^ 


Activity   3   calls   for'  a  marble  model   of  a   solid   to  be  used  i::n 
:he  dj^scussion   O'f  bonds--more   specifically   the   chemical  p^nd 
between  a  water^  molecule  and  copper   suTfalie.     This  mode/^  should 
be  ^made  up  ahead  of  the  time  you  expect   to   use   it.      Thd  instruc- 
tions  for   its  preparation  are  very   similar   to   those   giv^n  in 
Grade   4,    Minis  equejice  V,   Activity   2\    -Marbles   and  epoxy  cement 
can  be   lised  to  ma»ke  the  model.      There  are   twQ  parts   tc^  all,  epoxy 
cements:      (1).   the  hardener  and    (2)    t.he   resin.      Squeeze  ojat  equal 
amouVj^ts  of   each  on  a  cfLea-n   surface.^    It/  is   convenient  to  mix'  the 
two  parts  with   a  toothpi-ck  or  woc#den  match   stickpin  one  of  the 
alumihum  foil   "boats."      (The  woo'deh  mixer  can'  also  be  used  as  • 
the  applicator.)^   Mix   them  .together   thoroughly   until  you  get 
a  uniform  color.      Mi,x  onily  .^te  amount  thatt^will  be  needed. 
When   f  ini^ed',    allow  th'jlv.  umfsed  epoxy   to   harden  and   then  dis- 
card both^he   dish  and  l:h^j;^tioo thpic k      vDrying   time   at  normal 
room  t empe^^a tures-  is   1  hour  but  you  will   need  t.o  leave  the 
models  overnight   for  a  more  permanent  bond. 


/ 


model 


can  be   made   by  cementing  together 


The   first  part   of  the 

four  rows   or  marbles,    each  row  containing   four  marbles  of  the 
same  color  and   size.'     A  larger  model  can  be  made--for  instance/ 
a   5-marble  by  5-marble   square--but  preferably  not  a  smaller 
one.     Cement  each   row  separately.  «  This   can  be   done   by  plac-ing 
each  row  in   the  groove         a  ruler  aS   show^n   in  t he  ^  il  lus  tra t  ion 
and  applying  a   small  bit  of  epoxy    (with   the   toothpick^  between 
each 'marble.      Be  sure   that  all  i^arbles   are  , in  contact. 


Make  4   of   \yhe  rows   and  allow  the  epoxy 
night.     Then  gement   the   i?^ws   together  to 


allow 


to  ^t 
o  '  malba 


at  least  over-^ 
the   square .  .  The 

rows  can  be  held   in  position   for   support   and  ease  of  handling, 
while'^the   epoxy   is,  hardening  by   setting   them  o*n   the  sticky 
surface  of  a  mat  which  has  been  ma^e   by   s  ficking  .d^ble-s  ided 
maskinof 'tape  ^  a  piece  of  cardboard. '  ^ 

The  model  described  above  represents  a  highly  ordered  arrange- 
ments of  units   in  a   solid  such  as   the   crystals   they,  ar^fe 
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Qbs^rving.  Let  6-to  10  additional  marbLes  remain  loose  i^j  a 
shallow  di^h-  to   represent  the  mobile  moLecules.  of  a  liquid. 


ALLOCATION   OF  TIME: 


r 


The  'children  will  need  about  ^-1/2  houris   to  complete   this  Ac- 
tttvity  but  ^you  may  want   to  allocate  more  or  less   time  depending 
on   the  amount  of  •review  you  feel  is   necessary.  w  ' 


TEACHING  SEQUENCE 


1.  .  Have   the   children  ge.t 
three  of  t-he  aluminum  foil 
"boafs",    go   to   the   su^^ply,  and 
place  "one  measure**   of  ice 


COMMENTARY 


The  'first  part  of  this  Activ-  ^ 
ity  '  is  meant  to  provide  a  re-  . 
view  of  concepts   introduced  in 
Grade  4   and, expanded  in  Grade  5 
concerning  thJ  role  of  heat'/en- 
ergy  and  the   liquefying  pro- 
cess. -  In  this   sequence  we  will 
focus  our  attentiop  on^what 
happens   to  solids  as  heat  enr 
ergy  alone  is   added' to  the 
system.     'Thys  w'e^  will  be  con- 
cerned,   initially,   with  the 
melting  of  a   solid  and  not  with* 
the   dissolving  process  (where 
water  is  added  to  the  system) . 

The   intent  is   to  review  the  A 
concepts   introduc^^  in  Grades  ' 
4  and  5   that   sol iSs  are  held 
together  by  binding  forces  be- 
tween' the  smallest  units   in  the 
substance/  the  molecules,  and 
th^t   the   size  of  these  forces 
varies,  am^ng  different  ^subr- 
stances*     In.  addition,  atten- 
tion will  be   focused  on  the 
reversible  nature- of  the  melt- 
ing process.    *^ace  your self. in 
this   review  depending  on  the 
needs  o£  the   children.      You  may, 
want   to  refer-  to  the  introduc- 
tory Activity  of  Minis eqae nee 
III   of  Grade   5   aad  to*  /^Change  . 
of  State"   in  Grade  4. 


These  boats  may  be  muff^-cup 
liners  or  they  can  be  made 


I  i;:o 
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IrtlNISEQUEtlCELiX/Activity  1 


TEACHING  Se'^UENCE 


chips  'in  one;   one  me^suire  of 
table  salt  in  anoth^x,   and  one 
measure  of^salol  in  the  third. 


They  shouid  place  the  three 
boats  at  their  work  areas  and 
observe  ^them. 

•.Is   Anything*  h^i^pening  to" 
the  solTds? 


•  What   is   causing  the  ic,e  to 
become  a  liquid? 

•  Where  did  the  heat  energy^ 
come   fromNfo  cause  the  ice 
to  liquefy? 

Are  there  any.'  sign.s  that  an 
interci^ t "ion  '  is   taking  'place 
*  in  the  other  two  solids? 


•  What  can  you  say  about  the 
bonds  holding  the  solid 

'  together  in  ice  as  compared 
with  these  other  two  solids? 


Shown^he   children-  the  supply 
of  hot  water  and  s ugges  t  Ithat , 
since  it  is  a  more-  efficient, 
source  of  heat  energy  than  the 
air  in  the  room,   they  test  the 
two  "Solids   o(rer  hot  water  to 
see  if  they  might  liquefy. 

Have  each  child  take  two  poly- 
foam  cups,   ne^st  one   in- the 
other  and  pl^ce  in  i€^about  ^ 


COMMENTARY 


<  from  aluminum  foil  as  described 
in  the  Pr epara-tion  for  Teach- 
ing. 

A  "qnit  measure***  is^  <that  amount 
which  can  be  picked  up  on  ifcm  ^ 
of^  the  wooden  dispenser. 


Only  the   ice  sbows  'sign^  of  an  .  ^ 
interact ion--it  appears   to  be 
liquefying. 

It  takes  heat  en^ergy  to  break 
the  bonds  o*f  a. solid. 

;From  the  surroundings,  the  air, 
the  pan  the  ice  is  sitting  in,' 
e  t  c .  •  . 

Encourage   them  to  observe  tfiese 
solids   carefully ' with' their 
magnifiers.     When  they  can 
measure    (or  otherwise  detect)  , 
a  change   in^  property,  they 
^can  be  certain  that  some  inter- 
action is   taking  place*  There 
does  not   seem  to  be  any  inter- 
action taking  place  in  'the,se\ 
twosubstances.  » 

The  bonds  must  be  |/eaker  in 
ice,   since  th-e  heat  energy 
available   from  the  room  could 
liquefy   it,   but  not   the  salt 
or  salol  .  ^  .  ^ 


The  temperature  shoiild  be  bne^ 
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,MINISEQUENCE  II/Activity  1 


TEACHING  SEQUENCE 


half  cupful  o'f  K^t  water, 


Set   the  aluminum  fe^o^t'^ith  the 
salol  on  the  hot  wa,f;ejc  and 
carefully  observe 
tents  of.  the  boa-t  / 


This  bQa4;  should   then'  be  set 
aside  on.  a^piece  of   foil  while 
they'  repeat  the  procedure  with 
the  boat  containing   the.  tabl^ 
salt./  > 

•Based  on  this  observation, 
.wh^t  can' you  say  about  the 
forces-  h-olding^  the;,  'solid 
structure  together  in'sa^ol 
compared  with  table  salt? 


0. 


'The  binding   forces  holding 
salol/^toge ther  are  apparently 
weaker  than  those  holding  sal 
together  and  the    forces  hol^ 
ing   ice   together  a^re  weaker 
istill .  '  • 

•Where "is   the  heat  energy 
after   the  boY^ds  have  been 
broken?         '    • ' 

As   they  discUss   the  situation, 
.if  tfte  marble  mo^L-  is  <>r6^dy , 
show   it  £6   the^clas's..  Indi- 
cate  that  this  is  one  way -of' 
representing  the  properties 
•of  a   solic}.     Asfe  them  to'  tell  • 
y6u   in  What  v^ay  this  model 
depicts  a  *solid  crystal*  strup-- 
ture  . 


ERiC 


y 


COMMENTARY 


that  can  b^e^^cbtained  from  a 
hot  Water  t>ap--about  50°C  or 
above.  ] 


The   solid  will   sjia^t   to  'melt 
and  <$ojciC{  clear  globules  of 
1  iqi:Si^  s aloT  .  *  . 

It  may  be  necessary  for  them 
^   get  a   fresli  supply  of  hot 
water.     They  should  ob5ei;ve'*no 
change'  in  the  apj)earance »  oX  the 
solid  sodium,  chloride,    -  \ 

From  this  observation  they  can 
conclude  that  , heat  ^nerg.y  trans- 
ferred from  the   hot  watejr' was 
sufficient  %o  break  the  .bind- 
ing  forces  holding'  saloT  to-, 
gether  as  a'  solid  ^tructure^  but 
hot  sufficient  to  overcome  the 
binding  ^-forices  in  table'salt. 

this  inference,    that  there  are": 
differences   in  bc^d  strengths', 
was   i-ntroduced'  in  Grade   S'' and 
will  cojne  ^up' again  I'ater  in 
this,  'sequence'.' 


The  heat  ^energy  is  in  the  itiore 
freely  moving/"  thobile  liquid. 


J 


Each  marble,   of  course,  repre- 
sents a  molecule  'making  'up'^^the 
substance.     Be  sure  theyC^ing^ 
up  such  ch^acteris tics   a^  the 
definite  shape  of  a  so'litj-^'^- 
well  as   the  orderly  arlra/  which 
might^be   thought   to  make  up 
crystals'.    •       *  /  ^ 
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MINISEQUENCE  II/Activity  1 


TEACHP^G  SEQUENC 

Display^  the  loos^  marb\es  in 
the' dish • 

•  What -could  this  be  used  to 
represent? 


I 

Now  direct  their  attention  to 
the  boat  which  had  been  set 
asi'Be  conta'ining  the  salol. 

"7 

•'•What  has  been  happening  , 
there?     Feel   it.     What  do 
you  think  is   its  tempera- 
ture? 


•  IS^it  still  a  li(^uid? 


the  temperature  returns 
to  that  of  the  room,  what 
state   should  it  be   in,  liq- 
*    uid  or  solid,    (as  evidenced 
by  what  they  started  with)? 

As  they  observe   the  liquid 
salol,   have   tl)em  drop  a  tiny 
crystal  of  salol  on  the  draps 
of  liquid.     You' might  'tej-l 
,them  tlxfiy  ^z*e   "seeding"  it. 


ERLC 


COMMENTARY 


Ther>\is  freedom  to  move 'about 
Thus   trkis  model  could  repre- 


sent a  /liquid,   in  whTeh 
molecules  are>  more  erlerg 


For'  one  thing,  the  salol  has 
"^cooled  down.  It  is  probably 
back  t^o  room  temperature . 


rt  may  still  be  liquid  because 
it  tends   to  ha\re  difficulty  in 
reforming  crystals  from  the 
melt.  ^ 

If  the  phenomenon  is  reversible, 
th'e   liquid  salol  should  revert 
to  the  solid,   which  is  the' 
state  of  matter  one  finds  salol 
in  at  normal  room  temperature. 


Crystals   should  form  almost 
immediately.     At   the  saiae  time, 
some   chil&ren  may  be  able  to 
sense  a  sligHl:  ri^e  i?fr''^mper.a- 
ture .     When  a  substance  is  * 
still'*^;a  liquid  at  a  temperature 
when  it  normally  would  be- a 
solid — that  is,   at  a  tempera- 
^*%lire  below  its  melting  point-^ 
it  is  referred  to  as  "super- 
cooled."      (Children  who  have 
had   the  Grade   5  COPES ' experi- 
ences '  may  see • the  analogy  to 
a  super- saturated  solution . 
See  Activity  4  of  Minisequence 
III.)      In  both  cases,'  seeding 
causes  solids*  to  form,  with 
the   release  of  the  extra  heat 
eneorgy  present  in  the  super- 
cooled  liquid. 
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-MINISEQUENCE  I  I/Activity.  1 


TEACHING  SEQUENCE 


What  happened  to  th'e  heat 
enejrgy  which^the  aalol  had 
absorbed  when  it  liquefied? 
What  happened  to  it  as  the 
saldl  solidified? 

Discuss  what  was  happening 
with   the  salol  .as   heat  energy  ' 
♦was   added  and  then  given  off. 
During  the  discussion,  you 
'might  put  a  schematic  diagram 
on  the  bo^rd   to  highlight  what 
happens.     This  type  of  sche- 
matic will  be   used  in  sub- 
sequent Activities. 


LIQUID  SALOL 


Heat  Energy 
Given  Off 


Heat  Energy 
Absorbed 


SOLID  SALOL 


•  Is    the   interaction  of  heat 
energy  with  ice  al'so  re- 
versible? 


2.     Two  questions   might  arise 


COMMENTARY 


The  system  gave  off  heat  ener- 
gy to  the   surroundings.  The 
air  and  container  warmed  'up. 


As  heat  energy  was   absorbed  by 
the   solid,    a  chan-ge   of  state 
occurred--the  solid  melted. 
Thenr  w.hen  ^heat  Energy  was 
removed , ' the   liquid  cooled 
,down  and  eventually  reverted 
to  a  solid^.      In  o the r,  words >, 
this   interaction   is  reversibie*< 


The  children  will  undoubtedly 
suggest ythat  water  also  can  be 
made   to;  revert*  to   the  solid 
state    (ice)    by  removing  heat 
energy. 

<• 

In  the  next  Sectio.h  of   the  Ac- 
tivity ,    the  chi  Idren  will'-  sub - 
ject  the  table  salt  and  other 
solids   to   an  even  greater 
source  of  heat   energy,^a  candle 
flame',^  and  look  for  signs  of  ' 
interaction.      Remoye   the  salol 
before  starting  this  Section. 
.SalTol,   if  heated  over  such  a 
flame,   may  smoke  and  ignite. 
Be  su;:e  the  sm'all   samples  the 
children  have  been  working  with 
are  discarded  in  a  tr^sh*basket 
Since   salol   is   insoluJrile  in 
watez>,    it  should  not  be  thrown 
into  a  sink.     The  water  can  be 
discarded  also  but   the  .salt 
should  be  saved. 
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MINISEQUENCE  II/Activity  1 


TEACHING  SEQUENCE 

as  a  result  of   the  chilflren's 
previous   observations:      (1)  If 
a  hotter  source  of  heat*  energy 
were  applied  to  the  salt, 
would   it   too   lique^?   and  (2) 
Would  other  solids  ^than  the 
ones   they  have   tested  aJ.so 
show  a  reversible  interaction 
with  heat  er^ergy?  Sugg^t/ 
that   they  try  putting  saTl^b 
and  two  other   salid  substances 
over  a.candle   flame  and  see  ^ 
what  happefisl  <^ 
■\ 

Have   the   children  obta'ih  2 
more   foil  ipuffin-cup  liners  or 
make   them'  out   of  additional 
squares  of  aluminum  foil. 
Ekch  child  should  place  2  mea- 
sures  of  th^sugar,   and  2 
measi/res   of  y^e  blue  vitriol 
into   each  e>fl  two  boats  . 


They   sh^)ul d  bring   £he  boats 
and  their   contents   back  ^to  the^ 
work   area  and  place  them  on  a 
sheet   of.  paper  .      Encourag*^^  the 
childr;en  to  observe  t^he*  sub- 
stance  carefully  with  their 
magnifiers   and  disscribe  tlx^eir 
appearance. 

Next,    they  may  want  to  'find 
out  if  the   twp  new  substances 
will   change   if   subjected  to 
the  teraper'ature  of  hot,  water. 
If  so,   have   them  obtain  a 
fresh  supply  of  hot  water. 
Then'  carefully  place  the  boat  / 
conta ining  each  so^id  on  the 
water  and  observe   the  con-: 
tents  *  '*  '  * 


COMMENTARY 


They  should  still  have  the  sam- 
ple of^table  salt. 


Blue  vitriol   is   th.e   common  name 
for  copper  sulfate  and  the  com- 
mon name  should  be  used  through 
out  the  sequence  and  into^  the 
next',    rather  than  the  chemical 
name.     The  childre'n  will  dis- 
cover that  copper   is   a  struc- 
tural unit  of  this  substance 
in  Minisequence  III. 


Like   the   salt,    the  ^sugar  cfys-- 
•tals  will  be   familiar'to  them. 
The  blue  vitriol   also  exhibits 
characteristics  of  crystals  in, 
that  some  will' reflect  light.  ^ 


They  will  observe  no  change  in 
the   appearance  of  the  sugar. 
The   inte^nse  blue   color  of  the  ' 
other  substance  may  'lighten 
v^ry  slightly.     Neither  will 
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MINISEQUENCE  II/Activity  1 


TEACHING  SEQUENCE 


Have  each  child  obtain  the 
rest  of  the   equipment  that 
will  be' needed  in  this  Activ- 
ity.    This   should  include  a 
candle,    an  extra  pi'ece  ofvfoil 
on  which   to  place  the  candle, 
and  a  test  tube  holder. 


After  the  candles  are   set,  up 
'light  each -one  and-  tell  them 
to  heat  each*  chemiea'I""  j<i  its 
boat  over  the  flame,   one'  by 
one  . 


The   foil   boats  should  b'e  held 
with   the  tes^^t  tube'  holder;  and 
the   children   should  slowly  ^ 
move  the  boat  over  the   flame . 
At  frequent   intervals  have 
them^  remove  the  ^boat  from  the 
flame  "and  carefully  observe 
the   contents  .  ' 


comment;^ry 


liquefy. 


I 


If  the]^  short,    fal:,  fooJ-warmer 
typ^   qandles  are  not  used, 
longer  candles  can  be,  inserted 
into  a  ball  of  -  pLas ticene  which 
has  been,  flattened  out  on  two 
sides   so  it  sits  evenly  on  the  , 
table   top.*   This   serves  as  a 
conven-ient  candle  hoj.der .  ^' 

As  ^the^  children  start  to  work"^ 
with  t^he   candles,    be  sure  they 
'have  been  alerted   to  alt  the 
pre"ca^ut ions   regarding  working 
arounc^  flames  .* 

1*    Hair  must  be  ^ied  . bacTc  , 
no   I'oose  'strari^s\ 

2.   Np  long  or  loose  sleeves. 


Do  not  stretch  arms 
the  f}.' a  me  to  get  at 
'object. 


over, 
an  . 


ERIC 


4.  The  heat  source  should  be  * 
fvlaced  in  an  area  clears  of 

^^i-bok?,   papers,  etc. 

5.  When   the  object  or  materi- 
al being  heated  is   to  be 
observed,v   the  childr'en' 
must  br-ihg'it  away  trom  ' 
the   flame   to  avoid  ^an- 

.  ing  over  It. '  } 


'Ther.e'will   still  be  no  apparei>t 
change   in  /the  salt.     In  the, 
case'  of   the   sugar,  hc^ever,* 
there  will   be  considerable 
^changesr     At  , first   it  will 
1  iqu'ef  y  .      Then   the   sugar,  will 
start   to  change  colour.  It 
will  become  yellowish  brown. 
If  held, over  the  flame  too 
long»^^  it  may  actual.ly  start  to 
smoke  and  become  black.  Have 
the  children  remove   the  sugar 
from-'  the  flame  as  soon  as  tliey 

126'. 
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MINISEQUENCE  II/Activity  1 


TEACHING  SEQUENCE 


Have  t.he  children  set  aside 
the  foil  boats   one   by  on^ 
•after  they  have  been  heated 
Be   sure  each  is  identified. 


•  Did  th'e  rncreased  amount  of 
■    heat  energy  coining  into  the 

boat  cause  the  table  salt 
.  *to  liquefy? 


•  Did   either  of  the  o*th^  two 
solids  liquefy? 

•  Did  any  other  changes  take 
.place  in  the^  sugar? 


'•^Is   the  interaction  of  heat 
•  energy  v/ith  sugar  revers- 
ible?    How  could  yo'u  find  . 
.  ,but? 

Encou^a^e   them  to   try  out 
thair  suggestions   to  see  if 
the  "Original  state   can  be 
formed  again,      A  schematic  of 
*^hat  they  have  observed,  so 
far,   can  be  placed  on  the 
board :  '  '  ^  *  * 
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COMMENTARY 


observe  a  color  change. 

As   the  blue  vitriol  crystals 
are'  being  heated,   the  children 
will  .also  notice  a  color  change 
The  blue   color  disappears^  It 
becomes   lighter  blue  and  even- 
tually becomes  very^  -^^^^^Jb 
a  Imos  t*  wh"!  te  ♦ 

They  c'an  place-  thiem  on  a*  sheet 
of  paper  after  the  boat  has  ^ 
cooled  off  and  w^i te  either  . 
the  nkmes  or  numbers  next  to' 
each  cup. 

There  was  no  change   in  its  ap- 
pearance.    Some  children  may 
be  alert  to  the   fact  that  the 
temperature  of  the  solid  was 
raised*     Heat  eneVgy  was  ab- 
sorbed to  accomplish  this 
interaction  but  there  was  no 
change,  in  state  •     I't  c'cUi  be 
inferred  that  the  binding 
force?  in  this   substance  are 
very   strong • 


Yes— -the   sugar  formed  a  'liq- 
uid. 

The  evidence  for  an  inter-  ^ 
action,   as  they  should  be 
'aware,   is"  a  change  in  a  pisop- 
erty.     In  the  case  of  sugar, ^ 
it  not  only  melted,    it  also 
changed  color-'* it  charred^ 

They  shduld  sujgges t_remo vii;g 
the  added  heat  energy,  as 
the'y   did  witli  salol,  ' 


By  this   time  the   foil  "boat 
will  have  been  fitting  at  room 
temperature   for ' a  while .  If 
it^still   feels  warm,   the  cup 
and  its  contehts  can  be  placed 
in  cool  water  in  the  polyfoam 
cup  to  bring  -it  <^own  to  room 
temperature . 


■MINISEQUENCE  II/Activity  1 


TEACHING  SEQUENCE 


V 


1  BROWN 

SYRUP* 

^  He^t 

?i 
1 

Energy 

Absorbed 

'sugar 

/ 

They  will  find  that  this^rpar-* 
ticular  interaction  cannot  be 
reversed  by  mei;ely  reversiTng, 
the  procedure  f  it  does  not 
appear ^to  be  a  two-way  street 
as  the  other  interac t io^is 
wer  e  -  V 

Now  'focus  attention  on  tlie 
contents  of  'the   last  cup: 
* 

•  Did  heat  energy  fnter^ct 
w.ith  the   cr^ystals  of  blue 
vitrioL?'   What   is   the  "evi- ■ 
dence?  * 

i 


•  Did  you  observe  any.  melting?  " 
Were  the  binding  forces 
broken?  '       *  ' 


By  now,    tiie  •  contents  of  the 
ciip  will  probably  haVe\^cooled 
down  as   much/as   they're  going 
to.      Cautiously  ask  them  to 
f^el'  the  aluminum. 


What  occurred  as   th'e  system 
came  l^ack  to  the ,  temperature 
the  room7 


Do  the  contents  ret.urn  to 
their  original' condition? 
Is'  the  process  reversible? 


4 


COMMENTARY 


ERIC 


V'es--the  change'  in^  color  .  (blue 
*to  white)    is   evidence  of<an 
'  int.erac.t  ion  .      The   solid  also 
changed   from  being   in  ^the  form 
of   crystals   to  beings  "powdery . " 

Since  the  blue  vitriol  showed 
no   signs  of  liquefying,  it 
appears   that   the  binding  forces 
holding   the   S9lid   in  f)lace  are 
still  in  effect. 


•It  will  feel  comfortable  to  the 
touch. 

•Heat  energy  wa's  given  up  to  the 
surroundings.      The  system  re- 
turned  to   the   temperature  i^t 
was   before   heating  started. 

The   solid  still   remain^  a 
whitish   color,   even  on  cooling 
off.      (Don^t  let  this  system 
remain   in  the  air   too  long, 
since  it  might  pjck  up  *some 
mois  ture  and  be dome  a  faint 
blue  —  bU'tr  not  tihe  deep  blue 
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TEACHING  SEQUENCE 


The  blue  vitriol   did^not  liq- 
uefy on    interacting  with  hfeat 
energy;    it  did  change   its  col- 
or  and   appearance.      What  hap- 
pened?    Some   children  *inay  be 
eager  to   develop  hypotheses 
to   explain   the   strange  be- 
havior  of   this   solids  En- 
courage  t^heir   spec u^ft ions 


In   conclusion  help  tTie  chil- 
-.c^enyto   summarize  the  differ- 
en\  Kinds*  of   interactions  that 
heiuc  energy  seems   to  have  with 
sol  ids ,  ^  ' 


1) 


I.t  raises 
tare  • 


the  tempera- 


2)  It   produces   a   change  in 
state    (melting) .   •  When 
the  heat  energy   is  re- 
moved,   the   melting  pro- 
cess  is   reversed;    a  solid 
re-forms .    .  * 

"  ■  ^  " 

3)  It   produces   a  change\in 
state   an  d  sometimes  >  a 
change   in  other  prop- 

^^.erties    (sugar^  char-red)  . 

4)  It   produces   Qnly"  a'color* 
-change,    accomipanied  by  a 

slight  (jhange  in  the  ap- 
pearance of   the   solid,  * 
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MINISEQUENCE  II/Activity  1 


■  COMMENTARY 

■  \  ' 

the   unheated  sxibs t ance  ,  ) 


1^9 


/ 


MINISEQUENCE  II/Activity  2, 

•    •      •.•  \ 


Activity  2     Water  Out  and  Water  In 


As  the  chiiafcen  continue  to  investigate  the  intejraction  of  heat 
energy  and  vSkf  ^^^^^^l'  crystals ,  they  find  tha^-  und^r  the  cgn- 
ddtions  of  '  tne\present  Activity   the   loss  of   th^ bj-ue   color  as 

Jl^atNenergy   is\bsorbed   is  accompanied  by  the  appearance  of 
droplets  of  a  colorless   licjuid  in  the  cooler  portion  of  the 
sy-stem.     Although  the   substance   does'  not  revert   to   its  original 
con^or&ion  on  cogling,    the  blue  col^n^'^is   returned  when  water  is 

'added   to  the  system.  '  Children  f  inU-A:hat  wai:^r  is   the  essential 
ingredient  by   inve,st igat ing   the   effectiveness)  of   other  "colorless 
liquids   in  causing  the  color   to  return.      Furthermore,   not  dnly 
do^s  the  blue   color   return,   but  herat  .  energy  As  liberated!  The 
entire- system  becomes  very  hot  a's  drops  of •  cooj.  w^ter  are  addled. 

Thus  the  children  infer   that   the  absorption  of  heat  energy  by 
blue  vitriol   removes  water   from  the   crystal,   called  a  hydrated 
crystal.     Adding  water   results   in  the  dehydrated  •  (whi te)  form 
of  the ^substance   returning  to   its  original   state,   with   the  re- 
lease of  the  absorbed  heat  energy.      The  heat  energy  [ase'd   in  the 
processrof  dehydrating  the  blue   s.ubstance  did  not  disappear  but 
was  pr6&eiV^  in  the  white   substance  and  t^oss  ibly  also   ip  tHe 
other  product,   water,   which  had   gone  off  a^ -ra  gas.      Such*  color 
chang*es     however  ,   are  ,nQt  ^a  requirement  of  h,ydra t  ion ,  .  or  *of 
dehydration.     This   the  children  learn  when, they   follow  the  same 
prodedure  using  a  colorless  l^ydrated  salt,   magnesium  sulfate, 
more  commonly  kn6wn  as  epsom  salt.     The  children  are  aware  of 
the  hydration  when  they  again  sense   the*  release  of  heat  energy* 
as  water  is  added  to   th^  colorless   "dried"  solid. 

Apparently,    then,    the   dehydrated  form  of   these  substances   is  at 
a  higher   "energy  level"   than  the  hydrated  form.     Thus   the  con- 
cep|:  of  re.lalTive   di-f ference-  in  energy   levels   is   now  being  re- 
lated to  two  solid   forms  and  not   to   a  soldd  and   its  liquid  (or 
a  liqui^d  and   its   gas),    as   in  a  change  of  state.     The  absorption 
and  release  of  heat   energy  to  accomplisfi  all   these  changes'  i  s ' 
one  of   the  crit*eria   for   such   inferences.      In  the  next  Activity/ 
they  'will   develop  a  mbdel  of  .wJ&t  might  be  happening  at  the 
molecular  lev-el  wh^ich   could  explain   these  'observations. 


MATERIALS  AND  EQUIPMENT: 
Fo-r   the  class: 


plasfcic  wrap 
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MIMISEQUENCE  II/Activity  -2 


safety  matches  , 


1-    container,   polyfoam,    3  qt    (3-liter^    capacity  .  , 

«  ^  / 

6     narrow  wooden  dispensers  such  as  popsicle  sticks, 
beverage   stirrers,  etc. 

.  '  '  '  ^-\^ 

'  1/2  cup  mineral  oil  ^ 
I  ^  '  ^  . 

.    •  1/2  cup  glycexin  ^  s 

blue   vitriol    (copper   sulfate,   hydrated) ,   about   1  cup 

epsom  salt    (magnesium  sulfate,   hydrated),   about   1  cup* 

%  •  .  . 

6     mediciiie   droppers,  dry 

a  few  wide,    squat  containers   for   tlie  blue   vitriol  and 
•  epsom  salt 

For  each  child:. 

1     tesfT^'^'tube ,    5/8   in.   by  4  i^ .    (13  mm  wide,    100  mm  high),,^ 
heat   resistant  , 

1     test   tube  holder,  metal 

1  medicine  dropper* 

2  corks'^   to   fit   the   t^st  tubes 

For   each  pair  "of  chil<?ren: 

1     jar   to  serve  as   a   test  tijbe  rack  e.g.,    4-oz  baby  food.'^ 
jar  ' 

.1     polyfoam  cup,    6-  to   8-oz    (180-   to  240-ml)  capacity 

f 

•  1  of  Sterno 

1      (or  more)   piece(s)   of  aluminum  foil,   heavy  duty, 
4   in.   by  4  in.    (/lus  asbestos   square,  optional) 

Ipieceof  paper, small 


PREPARATION   FOR  TEACHING: 

Fill  the   3-qt  poly foa^n  container  ha^lf   full   of  cold   tap  water. 
The  blup  vitriol   and  epsom  salt  should  be  placed  in  i:.he  wi(^- 
mouthed  containers.     About   1/4   to   1/2.  cup  in  each  ,containelp»  will 
be  adequate  and  convenient  for  children  to  ^®lp  themselves. 
Cover  the  containers  with  plastic  wrap  wjien  not  in  use  to 
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MINlrBB^^^CE  II/Activit^  2 


prevent   the   contents   from  drying  out..  Set 
where^  the   children  can  obtain  their  suppl 
the  A'ctivity.      Place  wooden  dispens'ers  ( 
each  station. 


several  stations 
n  called'for  in 
as   1  cm)   next  to« 


Have  the  otlfer  supplies   at  a  place-  acc'es-sible  to  the  class'. 
Each  child- can  perform  the  investigation  individually.  'H.wevir-, 
pairs  of  children  will  share   the""  heat  source    (St^rno),   the  sup- 
ply X)f-  wate.r  and  the   jar   to  hold  the  test  tubes.     Because  the  ' 
test  tubes  viil  be  hot  "  when  -  they  are  to'  be  stoppered,  rubber 
stoppers  must  not  be  substituted  for  corks  .  ' 


for  section   3  put  out  a   small  supply  of  mineral  oil' and  of  glyc- 
erin   (1/2  cup  of  each).     These  liquiSs  must  be  placed  in  dry  . 
containers.     Cups  of  bowls  are  ■  adequate .  '   Next  to  each  of  these 
liquids   place   several   dry "^^edicine  drgpperB.  "f or   the   children  to 
u&e   in  obuining  these   li-quids  when  calle'd  for. 


ALLOCATION   OF   TIME:  •  • . 

>  » 

The  children  willoneed  about  1-1/2  hours^^T^omple t e  this' Ac-^ 
tivity.  .      ,    .  •  '  ♦ 

/ 


TEACHING  SEQUENCE 


1.      Recall  with   the  children 
what  happened  when  they  added 
heat   energy   to   the  blue  vit- 
riol crystals  .  ;  , 

•  In  what  way  did^these,  cryi^- 
tals  behave  differently  \ 
from  the  other   solids  you 
investigated? 


Propose  that  the  children, 
study  the  effect^  of  adding  ' 
heat  energy  to  the  blue. vit- 
riol crystals  in  greater  de- 
tail *to  see  if  they  can  find 
out  what'  causes,  the  color  to 
change.  % 

Show  them  a   can  of  Sterno  and 
tell   them  that,   when  lit,  it 
is  a  more  intense   aource  of 
heat   energy   than   th^  candle 


COMMENTARY 


^he  crystals 
color.  * 


lost   their  'tlue 


The   sal£    ( sodium  c)alo ride  ) ' 
showed  no^  change  in^  ap|jSarance  , , 
The   salol  and  sugar  meited.,  ^ 
The   sugar  also'  cha'nged  in  co'l-' 
^r  after  it  melted.  ^  WhVn 
cooled  ds;fltn_^/the  salol  -reverted 
to   it^'^original   state  —  it  sol- 
idified.    The  blue  crysta>ls, 
however,    neither  melted  nor 
reverted  to   ifheir  original^ 
'color'  when  cooled  down. 


If  some   children  question 
this,   asic  l-fow  'they  could  cfaeck 
it  out.-    In  Grade   3,' they  in- 
vestigated the  rate  at  which 
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MINISEQUENCE  II/Activity  2, 


TEACHING  SEQUENCE 


flame . 


Open  the  can  of  Sterno,  light 
it,   and  demonstrate  to  the 
chi Idren  how  to  hold  the  test 
.tube-^'with  the  holder  so  that 
.the  tube   ijs  not  inadvertently 
released.     Also  demonstrate 
how^the  tube'  shbu'ld  be  slowly 
moved  over  the  flame  with  the- 
open  end  pointi^ft'g" away  from 
any  child. 

Each  team  of  two   should  then 
get  its   supply  of  Sterno,  alu- 
minum foil/   a  jar  to  serve  as 
a  test  tube  holder,   and  a  half 
cupful  of  water   from  the  con- 
tainer.    Then  each  child 
should  get  his  or  her  own  test 
tube  and  medicine  dropper. 
Also,   have  each  one  obtain  a 
few  extra  crystals  c»n  a  small 
piece  of  paper,. 

First,   ask  each  child  to  put 
two  meat}Skxes  qf  the  blue  crys- 
tals  in  one  ^of  th^  two  test 
tubes . 


A 

each 

blue 

tube 

can 

time 

done 

the. 
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Y^Ax--±±^h±^^jtiiBl^^t  e  r  n  o  , 
chi  Id  should  hea^t  the 
crystals   in  the  test 

(Both  children • s  tubes 
be  heated  ^^fe-^the  same 
The  heating  should 
gentl-y  at  first,  holding 
tube^  above  the  flajme. 


COMMENTARY 


the  *  temperature  increased  in 
equal-s  ized  samples  of  water  - , 
wh*en  subjected  to  different* 
sources  of  heat  energy. 

A 

Use  an  empty  tub'^   in  this 
de mo nst ration  so  as  not  to 
detract  ftom  the  children's 
discovery  of  what  will  happen 
when  they  .heat  the  blue  crys- 
/£  a  Is. 


They,  can  use  these  as  "controls" 
for  observation. 

^ 

The  amount  wTiich  can  be  picked 
up  on  the  -1  cm  mark  of  the 
wooden  dispenser  is  again  con- > 
sidered  a   "unit  mea^sure."  If 
there  appear^s  to  be  any  diffi- 
culty getting  the  crystals  infco 
the  tube,    the  children  can  place 
the  required  amount  on  a  sma*ll 
piece  of  pape'r,   cup  the  papfer 
so  it  acts  as   a  "slide,"  ani^ 
let  the  crystals  slide  into  the  . 
tube.      However,   popsicle  sticks 
*4.^^^,dj>fik^nte .  1  ike  will   fit  into  feyen 
these   narrow  tu,J>es 


not 


Since   the  Sterno   flame  is 
as   visible^  as  yellow  candle 

flame  ,   the  usual  precautionary 
measures   in  working  with  f l^m^^s 

'must  be   emphasized.     For  .in-^ 
stance,   Kair  musH:  6e  tied  bacic, 
the  heated  object  must"  be  re- 

.  moved  from  the   f«lame  before 
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MINISEQUENCE  II/Activity  2 


J 

TEACHING  SEQUENCE 


After  a  half-minulie  or  so, 
when  the   tube   is   sure  to  be 
all  warmed  up,   it  can  be  held 
steadily   in  the  upper  portion 
of  the  flame   so  that  the  crys- 
tals will  be  subjected  to  as 
much  of  the  heat  energy  from 
the   flame'  as  possible.  Remind 
the  children  to  observe  this  .  - 
system  carefully 


:  / 


•What  changes   are  you  aware 
of? 


•  Do 'you  notice  anything  hap- 
pening ij^  other  portions  of 
the -system?  . 


ERLC 


'COMMENTARY 

attempting   to  observe  the  con- 
tents,  arms  must  not  be  stretch- 
ed over  any- can  of  Sterno  since 
it  might  be  lit.     The  cans  can 
be  placed  cm  a  piece  of  heavy 
duty  aluminum  foil,   or  asbestos 
squares   if  these  are  used  in 
your  school.     The. flame  can  be 
easily  extinguished  by^'smother- 
ing   it  wi,th   the  upside-down 

*Sterno  lid  placed  over  tilie  can: 
(If   the   lid  is   not  u{)side  down, 

^ it  might   close   the   can,  causing 
the   lid  to  pop  out  as  the  hot 
contents   expand  the  trapped 
a,ir.  )      It  is  more  desirable  to 
extinguish   the   flame  by  placi^ng 
over  the   top  bt  piece  of  metal 
larger  than  th.e  can,   e.g.,   a  i 
piece  of  aluminum  foil.  ^ 

As  you  mention   th^   "system"  ask 
some   to, identify  the  par^s  of 
this   system--the  te?t  tube  and 
the^  blue   crystals .     This  partic- 
ular  system fis   obtaining  heat 
energy  from  the  Sterno.  How- 
ever,  since  we   are  not  con- 
cerned with  what  is  happening 
within  the  can  ofi-^S terno  , 'we 
oan   ignore   it,  in  identifying  " 
the  system. 

in  a  similar  manner,   we   can  neg- 
lect  the   test^-tube  holder,  if 
we  wish ,- because ' it ,   too /  does 
not  enter   into   the-  interact ion . 


As  the  children 
contents   of  the 


ojDserve  the 
tube ,   th^y  nray 
see  that  JJae  crystals  near  the 
glass  walls  become  Whitish.  as 
they   continue  to  heat  the  tube, 
the  remainde-r  o^  the  crystals* 
will   lose   their  d^ep  blue 
color. 

If  necessary,   direct  their  at- 
terjtion  to  the'  upper  part  of 
the  t ulpe .     Droplets  of  a  color- 
^less    liquid  will  be.  forming 
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MINISEQUENCE  II/Activity  2 


TEACHING. SEQUENCE 


-  COMMENTARY 

there-v     When  they  heated  the 
blue  vitriol  in  the   foil  boat, 
there  was  no  platre   for  d»ropJ.ets 
to^form.     But  now,    since   it  ^is 
confined  in  the  tube,   the  djrops 
of  liquid  can  condense  on  the 
cooler  portion  of  the  test  tube 
Do  not  Identify   these  drops ^as 
water-- the  children  shoul3  in- 
vestigate this   for  themselves. 


As   they   continue  to  heat  the 
contents  of  the  tube,   the  liq- 
uid drops  vill  disappe^t.  If 
they   tend  to  remain  in  the 
tube,   have   the  children  heat 
the  upper  portions   also.  They 
aan  slowly  shift  th-e'  tube   in  . 
the^fdame  until  all  parts  have 
bqen  heated,   and "until ^ the 
tube  is  completely  dry^ 


Once  it   is   dry,   they  should 
oautiously  place  the  hot  tube* 

126. 


Otherwise,   the  condensed  liquid 
will   run  back  down  th.e  tube  when 
it  is  cool  and  turn   the  white 
powder  blue  again,   which  is  un- 
desirable at  this  pointl  • 
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MINISEQUENCE  II/AcCivity.-2 


TEACHIN-G  SEQUENCE 

in  tbfe   jar,   handling  it  only 
with  the  ''test  tube  holder, 
then  relea'i^e  the  holder  J^and 
gently  p4ace  the   cork  on  the 
top  of  the   tube.      They  should 
not  try   to  ins'ert  the  cork. 
The   test  tube  will  be   too  hot. 
The  Sterno   flame  can  then  be 
extinguished . 

As  the   tesi:  tube  systems  are 
cooling,^  opep  up  a  .discussion 
-about  what   they  have  observed, 

•  What  do  the*  contents  of  'the 
.tubes   look  like  now? 


•  Did  the  bl^ae   crystals  change 
in   the  s^me  way   they  did 

'when*  heated  in  ^he  open 
boats?     Were   there  any  dif- 
""ferences?  ' 

•  What  do  ypu   think  the  liquid 
is? 


•  Where  do  you  think'^tfhe^liq^ 
uid  cam.e  from?        ^  -^^-^ 


Were  the*  blue  vitriol  crys- 
tals wet  at  the  beginning? 


Was  any 
tube? 


water  added  to  the* 


What  was  added  to  the  system 
as   the  -liquid  aPPe^red? 


COMMENTARY 


zrhe  purpose  of  the  cprk   is  to 
allow  the  contents  to  cool  down 
without  exposure   to  the  moisture 
of  the^  air . 


The   solid  still  appears  whitish, 
(Actually  this   form  of  copper 
sulfate   is   usually  described  as 
light  green   in  color)  . 

The  *)lori*change  was   the  same 
^  but,    in   t^is   cas'e,   dropklets  of 
a  coloVless  liquid  appeared  in 
th-e  upper  part  of   the  tube. 

Since   the-drops   looked  like 
water,   many  children  vill  indi- 
cate that  they ^think   it  is 
wajpjpt.     ^  .  . 

If  any  child   suggests    that  the 
water  came   from  tl>e,  test  tube 
itseff,   ask  how  this  hypothesis 
could  be  tested.     One  way  is  to 
heat  an  eippty  dry   test-  tube 
<>ver  the  same  type*  of  flame. 
They  may  find  ^a  tiny  b-it  of 
mois^Lure  but  not  ^p^a^E^tfe^s  much 
a^s  whjBn  they 
crystals . 


No  , 


No . 


Only  h'e^t  energy.'^  Some  chil- 
dren may  associate  not  only^the 
color  change  of  the  sblid  ,tr.j^ut  • 
the   formation  of  liquid  with 
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MINISECfUENCE  II/Activity  2 


/ 


TEACHING  SEQUENCE 


Summarize  the  children's  find- 
ings^ up  to  this  point  with  a 
schematic  diagram: 


WHITE 
'POWDER 


COLORLESS 
LIQUID 


Heat  Energy 
Absorbed 


BLUE  CRYSTALS 
 K  


2.     By  now  the  test  tubes 
should  havB  cooled  suffic(ient- 
ly  ta  handle.     Have   the  chil- 
dren place  the  bottoms  of 
tubes   in  , the  cups  of  cool 
ter  t<5  teduce   the  temperal 
still  further. 

•  Is   ttie  test  tube  sy-s€em*back 
to  room  temperature?^ 

•  What'i?   the  color  of  the 
cfyatals  now?     ,  ^ 


•  How  could  we  get  the  blue 
color  back  again?  » 


•  What   liquid  do   you  want  to 
try  addijig? 


COMMENTARY 


the  addition  of  heat  energy  to 
the  system.  ♦ 


V 


As  they  'do  this,  be  sure  the 
corks   remain  in  place. 


After  a  few  minu^^s-s — in  the  cold 
water  bath,    it  will  be. 

Even  though  the   system  by  now' 
is  back  at  room  temperature; 
the   color  of   the  crystals 
remains   almost  white.  They 
have  not  reverted  to  the  cblor 
o^  the  co;\trol  crystals-  at       .  . 
room  temperature  * 

If   the   idea4  of  returning  to  the^ 
system  the 'liquid  which  they 
saw   formi-ng  near  *the  upper  por- 
tion of   the   tube   is  *not  sug- 
gested,  you  might  have   to  ask 
abput  the  liquid  which   left  the 
system. 

Experiei(be  has  shown  that  most 
children  think  the  colorless 
liquid  was  water^  and  want   to  * 
try  adding  some  of  that  to  the 
contents  O'f  the  tube"--even 
though  they  don't  know  it  was 
water.     However,    if  they  want 


128 


1-3  7 


MINISEQUENCE"  II/'Actiyity  2 


TEACHING  SEQUENCE 


•  How  much  water   should  put 
back  into   the  system? 


As   soon  aS'  they  have  mastered 
the   technique  of  releasing 
just  2  or   3   drops  of  water 
from  the  medicine  dropper,  ask 
each  child  to  hold  t^e   tube  in 
the  palm  of  his   or  her  hand. 
Then  they  should   cemove  the 
cork,    and,   holding  the  tube'  ^ 
straight  up,    add   the   2  or  3 
drops  vOf  water  directly^  down 
^so  they  land  on  the  white 
material . 


13 


COMMENTARY 


to   try  out  other   colorless  liq- 
uids  first,    they  sho'uld-be  en- 
couraged  to   do  so.      (See  .Sec- 
tion  3  of   this  Activity.) 

Two  or   thre^e  drops   is   a  good 
approximation. of   the  amount  of 
.liquid  driven  o^f,   so  the  chil- 
dren should  put  no  more  than 
two   or  three   drops  of  water 
back  into   the   syst^em\  ^ 


Be  sure  the  child  can  see  the 
contents  of  the  tube.  - 


S 

There  will  be  an  immediate 
change   in   color  of  the  white  ^ 
substance.      It  will  start  to' 
turn  blue   again.     Also,  within 
less   than  half  a  minute,  the 
children  will   suddenly  feel 
the   release  of  heat  energy. 
Some  systems  may  even  get  so 
hot   the   children  may  be  quite 
^hocked  and  even  drop  their 
test  tub'es  .     This  reappearance 
of  both  the  heat   energy  and  the 
blue   color  of   the   crystals  us- 
ually generates   cons ider able 
excitement.     Again,    see  Grade 
5,   Mi rfi sequence   III,  Activity 
4  for  an  analogous  phenomenon. 


3 
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ERIC 


TEACHING  SEQUENCE 


There  will  probably  be  no  need 
to  ask  the   children  what  is 
happening.      You  will  hear 
plenty  of  evidence   that  the 
tube  became  very  hot  and  that 
the  blue  color   returned!  Once 
they  have   calmed  down,,  open 
up.  a  discussion  of  their  ob- 
servations :  A 

•  What  could  account  for  the 
reappearance  of  the  blue  . 


color  and  the 
heat  energy? 


release  of 


If  necessary,    review  the 
events  with   them.     During  the 
discussion   refer  to  the  sche- 
matic on  the  chalkboard  to 
emphasize   that  what'^hey  are. 
now  observing   is-  the  reverse 
of  what  previously  -occurred. 


IWHITE   POWDErJ     +  [water 


Heat  Energy 
Given  Off 


■  Heat  Energy 
Absorbed 


blOe  crystals 


3.     At  some  point,    if  the 
question  has  not  come  up  be- 
fore,   ask  the   children   if  wa- 
ter,   and  water, only,    is  hec- 

•  essary   for  the  white  powder  to 
change  back   to   its  original 
state.     Challenge  them  to 

/^prove   to  you  that  any^  other 
colorless   liquid,    such  as 
glycerin  or  mineral  oil, 
would  not  have   the  same 
effect.      (Show  them  the  glyc- 
erin and  mineral  oil.) 
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The   evidence   so   far  might  indi- 
cate  that  water   is   given  off 
'du,rihg   the   transformation  of  the 
blue   crystals   to  the  white  pow- 
der.     As   they  add  liquid  water, 
and  get  the  original  substance 
back,    the  h^t  energy  which  had 
been  originally   added  is  alsa 
returned . 


Playin,g  the  "devil's  advoca^te" 
can  be  a  useful  technique  in 
inviting  children  to  examine 
their  assumptions .  After  all, 
they  only  observed  a  colorless 
liquid  form-in  the  cooler  por- 
tion  of  the   test  tube. 
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One  procedure  that  t»hey  might 
suggest  is   to  ^jeheat  the  re- 
formed blue   vitriol   to  again 
drive  o^ff   the   liquid  and  then 
to  add  either  a  few  drops  of  * 
mineral  oil  or  glycerin  to 
the0  tube^ 


^f ter  ^11  discussion  is  over, 
l^i^gKt  the  Sterho  again  and 
le*t  the   children  add  heat  en- 
ergy to   the  blue  crystals 
once  again. 
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In  ,the   same  manner/ as   in  Sec- 
tion 2,   be   sure   the'  tube  is* 
completely  heated  so  that  the 
condensed  liquid  is  ^riven  off 
*and  have  them  cool   the  con- 
tents.     The   tube  should  also 
be   lightly,  stoppered  again. 

After  the  test,  tubes  have 
cooled  down   to   room  tempera- 
ture,  the  children  can  add  to 
^the   cooled  whiter  powder  2  or 
3\  drops   of   the   colorless  liq- 
uids.    They   should  hold  the 
tubes   in  the  same  manner  as 
before  While  they  add  the 
drops.  *  , 


J.. 


What  do  you 
mineral  oil 
the  ^glycerin  is 


observ^e  ^as 
is*  added? 


addeci? 


the 
As 


•  Are-these   colorless  liquids 
effective   in  returning  the 
white  powder  to  its>  original 


MINISeSvENCE  II/Activity  2 
I:qi^entary 


Y 


So^that  -all'  the   children  can 
seCe  the   effects  of  adding  both 
substances  ;   yo\i  m;Lght  suggest 
that 'one   team  member  work  wi th . 
glycerin  and  the   other  with 
mineral  oil . 


They  should  again  observe  the 
sanrOLijchange   from  blue  t;o  white, 
-and  the   appearance  of  drops  of 
liquid   in   the  cooler  portions 
of   the  tlibe. 


It   is   very  imp"br tant  that  the 
droppers ;   as  well  a|S   the.  supply 
containers    (cups)    in  which  the 
lijui'ds   are  made  available,  be 
abs'olutely  dry \     'The  presences 
of-  any  watef  will  give  errone- 
ous-results. * 

The;  crystals  may  exhibit  a 
slight   change   in   color  becaus*e 
of   being   "wetted'*  by   the  liq- 
uids.     However,    the  'intense 
blue,  bf  the  original  will  not 
rea-ppear  nor  will   there  'be  any 
evidence  of   the  liberation  of 
heat  energy . 


No  , 


< 
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TEACHING 'SEQUENCE 


State? 


Now  suggest  that  the  children 
^dd  2  or   3   drops   of  water  to 


the  mixture  with  the 
liquid . 


wrong' 


'With  the  addition  of  the  wa- 
t-er/   th»e  blue  color  suddenly 
appears  !     They  ag^ain  feel  spme 
heat   energy  *  coining  out.  In 
fact/    they*  may  observe  the 
liquid  hissing  as   the   tube  be- 
comes quite  hot^ 


What  conclusion 
draw  based  upon 
ment  ? 


can  y-ou  now 
this  experi- 


Finally,,  using  the  schema-tic 
diagram  on  page  130,  review 
the   interacj:ions   they  have 
been  observing  with  particular 
emphasis   on   the   role  of  heat 
energy  at. each   stage  and  on 
the  concept   of  reversibility 
of  these   ini^eraction^ . 

•  What  can  you  infer  was  hap- 
pening as   the  temperature 
of  the  blue  crystafls  was 

'being   raised?         »  ^ 

•  What  does  this  sug*gest  about 
'   the  energy  -level  of  the 

white   solid  as  compared 
with   the  blue  ?  , 
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) Before  doing  so,   you  might  sug- 
gest that  they  predict  wf - ' 
might  happefn .  ^ 


lat 


Help  the   children  to  realize 
that  the   evidence   so   far  'is  ,a])ir 
in   favor  of  the  hypothesis  th^t 
it  *is  water  that-^was   driven  off 
the  blue   vitriol   j:rys,tals  as  ^ 
thW  temperature  was  raise'd. 


Heat  energy  was   added  to  the 
system*     The   color  clianged    *  i 
froin  blue  to  white  and  water 
was •  driven  of f .  ' 


Starting   in  Grade  4,, children 
developed  an  -^uMders tanding 
the  concept  of  conservation  of 
energy  during  a  vaz\iety  of  ^ 
interactions.     -When  hea^  ene^y^ 
gy  \s   used  in  a  change  of  ^5^t^te 
such  as  melting,    the  added^heat 
energy  becomes  part  of  the  in- 
creased efiergy  'of  the  mobile 
liquid  fmolecules.    Vle-lre^  too, 
the  'added  heat  energy  l/ecomes  , 


part  of  the  product 
interaction--one  of 
the  white  pow,der* 
whtte  solid  must 


thi%' 


which  is. 
Thuf  the 
be  at  a  higher 


Hi, 
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TEACHING  SEQUENCE 


To   help  emphasize  this  concept 
of  the,  difiwerice  in  energy 
levels;  ask: 

•  ' 

•  What   is.  the  evidence  that 
the  white  solid*  is  a^^  a 
higher  energy, level  than 

.  the  blue?' ' 

4.    'now  suggest  tha^  tlV^  chil-" 
jflren  investigate  ano'^her  "hy- 
drated"   salt   under*  similar 
conditions   to'  see  if  It  be- 
haves  in  the  same  way.  Show 
them  the  supply  of  epsom  salt. 


Hajve  the  children  get  the  ^same 
subplies  they  used  wherj   they  ^ 
hekted     the  bl^f  vitriol. 
Thfey  should  place  a  few  m^a^ 
s\ilres*of.  th.e  substance   in  the 
tejst-tube   just  as   tH^y  di^be- 
foare  . 

•Also,   suggest  t^at  they  take, 
some  extra  salt  on  a  small 
piece  of  paper,   so  they  can 
observe   unheated  magnesium- 
sulfate  and  compare   it  wi.th 
tl\e  heated  sample.  Before*** 
they  sjt;art  heating,    ask  them 
to  ^bserve   and  describe  the 
crystals .  .  " 

What  are  the  similarities 
between  this  salt  and  the 
blue  vitriol? 

•  What  are   the  differences? 


} 


Wow  have  the  children  use  the- 

4  ♦ 


energy  level  the^FKe  blue 
solid . 


Heat  energy   is  given  off  by  the 
system  When   the  blue  crystals 
reform . 


Have  them  Vise  the  highest 
power  of  magnification  on 
t.h'e^r  hand'  lens  .  ' 


They  both  exhibit  flat  sides 
and  definite   angles  where  the 
sides  meet--all  ^arac tefis t i§B 
of  a  crys tal . 

These, are  colorless,  although 
the   individual  crystals   are  • 
also   transparent,,  V  as   in  t'he 
blue   vitriol.     Thej  crystal 
shape  is  'also  different.  This/ 
difference  will  be ^explored     .  \ 
farther   in  Minisequence  III. 
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TEACHING  SEQUENCE 


Sterno   flame  to  raise*  the        -  ^ 
temperature  of  the  sample  in 
the   tube*^nd  Ipok  for  evidence 
of  water  being  drive'n  off. 

9 

Make  sure   that  H:hey   dri^ve  off, 
all   the  water  from  the  system 
*and  repeat  exactly  what  they 
did  with   the  dehydration  of 
the  blue  vitriol. 


Was . there  any 
or  during  the 
cooling  process? 


change   in  col- 


heat  ing,  or 


Just  befpre   they  add  2   to  3 
drops   of  water  to  the  sup- 
posedly dehydrated  salt,  ask 
them  to  predict  what  they  ex- 
pect to  happen'. 


Then  have   them  do  it 


What   indication  did  you  have 
that  magnesium  'sulfate   is  a 
hydrated -salt? 

Is  there  necessarily  a  color 
change  as  water  is  either 
given  off   from  a  hydrated 
salt  or  taken  on? 

At  which  stage  was   the  s^lt 
at  its   high est  energy  level? 
How  do  you  knov/? 


ERIC 


COMM^ENTARY 


Some  water  will  appear  in 
cooler  part  of  the   tube , 


the 
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As   before,   they'should  cool 
the   tube   in  air  fi^rst  'and 
then  in  cool  water^ 

No  . 


If  ,the^salt   lost  wafer,  them 
heat   energy*^hould  be  released 
when  water  is   added  back. 

Again  they  will   experience  the^ 
tube  getting  hot.      It  will  not 
b.e  as  great  as  in  the  case  of 
copper  sulfate.     ;AlsO/    if  more 
than   the   recommended   2   to  3 
drops  is   added,    the  sensation" 
will  not  be   as  great  because 
the   extra  water  will  tend  to 
"spread  out"    (absorb)    t-he  re- 
leased heat  energy. 

Water  drops   appeared  in  the 
upper-cpart  of  the   tube  when  it 
washeated*. 

Obviously  not--rthe  magnesium 
sulfate  was  colorless  at  all 
stages. 


After  the  water  was  removed. 
Thi.s.  time  both  the   hydrated  and 
dejiydrated  forms  of   the  salt 
are   colorless  .     Thus  ^a  change 
in  color  cannot  be  used  as 
evidence   that  a  particular 
solid  *is   at  a  highe^'  energy 
state.     However,   the  children 
know  that   the  dehydrated  s^lt 
was   at  a  higher  energy  lev^l 


MINISEQUENCE  II/Activity  2 


TEACHING  SEQUENCE 


At   this  point  you  mi'ght  want 
to  generalize  tlie  schematic 
diagram  so  t'hat  it. can  apply 
to  any  hydrated  salt.  Review 
what  tHey  observed  as  heat  ' 
energy  is  added  to  and  -then 
.reLeased  from  the 'systems. 
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because  it  gave  off  heat  energy 
when  water  was  returned  to  it. 


Hiqher 
Energy 
Level 


Lower 

Energy 

Level 


DEHYDRATED 
SALT 


Heat  Energy 
Given  Off 


+  I  WATER 


Heat  Energy 
Absorbed 


HYDRATED  SALT 


If  ajiy  children   have  difficul- 
ty wiith   this  concept/  do  not'  . 
push  it.     They  will   be  given 
some  additional  experiences 
which  should  help  to  reinforA 
these  ideas . 


The   schematic^  diagram  should 
be   left  on'*' the  chalk-board  for 
reference   in  Activity  3; 


FRir 
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*  ■    MINISEQUENCE  II/Activity  3 
Activity  3      The  Hydrate  Bond  '  ,  . 


Throughout  COPES,   model  building  accompanies   the   development  of  . 
abstract  concepts.      In   this   Activity   the   children  wj(ll  mgke-^use 
of  ^a  marble  model  of  a  solid  to  develop  the   concept  of  a  hydrate 
bond.  -At   first   the   children  use   the   marble  model   to  help  explain 
their  observations  of  the  effect   of  addi^jig"  heat   energy   to  a  hy- 
drate  like  blue   vitriol.     The  dehydrated . sal t   is  'depicted 'as  be- 
ing cemented   togethef  with  strong  bonds  which  'cannot  be  -over- 
come by  heat   energy   from  available  sources;    it   cannot  be  lique- 
fied.     The  molecules  of  water  are  attached-  with  weaker  bonds  (a 
plasticene  clay)   which  can  m'ore  readily  be  broken  off.  This 
model  portrays   the  water  as   being  held  in  rigid  positions  at 
specific  sites  on  the  substance,    an  i(^ea  at  variance  with  what 
one  aorm'^lly   finds   in  the   liquid  state  of  water. 

Reinforcement  of   the  '"dry"   nature  of   the"  bonded  watir   i^  provided 
the  children  as   they  observe  drops  of  water  -absorbed  into  the 
•powdery , solid  of  a  previously   "dried"  salt.      There   ^g^no  sign 
of  a  liquid  present   as  hydrate  bonds   form..    The  solid\si<nply 
assumes  the  characteristics  of  the  hydrated  crystal,    accompanied  • 
by  a- re^lease  of  heat  energy.     This  additional   expedience  re-, 
emphasizes  that  when  ^  bond   forms  between  two  entities  o^f  mattier^ 
energy — i^^iven  off;    the  bonded  unit   is   cit   a   lower  energy  state 
than  either  of  its   components.      In  the  next  Activity  the^ children 
dren  will  apply   these  ideas   to *^ever^l   situations  wherA  bonds 
are  being'  broken  and  re-formed.  \y 


MAT^IRIALS    AND  EQUIPMENT; 


/ 


1     dish,   c^lear;   pla"^stic- or  glass,   about  4   inches  in 
diameter  '  .  ' 

1     marble  model  of  *^  solid    (see  Acti^^ity  1) 

V 

5     marbles   of  a  different  color   than   thbse  above 


plasties nre  clay 

plastic  wrap    .  f 
'   '    .     ^  ^ 

,       1     polyfoam  container,    3  qt    W   liter)  capacity 
a  supply  of  •the   following  chemicals: 
<^  bLue  vitriol    (copper  sulfate,   hydrated)  ,   about  J.  cup 


WIN-ISEQUEWCE  II/Activity  3 


ERIC 


epsom  salt    (magnesium  sulfate,  hydratedT",-' 
about   1  cup  .  . 

copper  sulfate,  anHydrous  (see^F^reparation 
for  Teaching )  V      J         '  •  • 


epsom  salt ,  anhydrous  (see  Preparation  for 
Teaching)    '  ~        "    ^  ^ 

sodium  c^arbonate    (monerttydrate )'  (optional, 
obtain abl^   f^rom  photographic:  s'upply 


fat^,    hydrated  (optional) 
'wide  containers   for  the  above  chemicals 
wooden    (marked)  ^dispensers  , 


1     microscofi^  (optional) 
For  each  child: 

1     mag;ii  f  ie  r 


/ 


11  iJie'c'es  pa^,er 

.-if  ' 


small  wpo^d^^n*  stick  ,  .e.g.;,  ;a'' toothpick 

Aluminum"^^^s*  (made^^from  f6il)  jnuffin* 
liwer   .  ,         *^  s      "      '   -^z*^^         ^  ' 

-medicine  dr^^per*  *  / 


candle  (optional) 


PREPARATION   FOR  TE;ACHING: 


Retrieve  the  marble  model  of  a  solid  that'  yoj^made 'in  :?^ctivity; 

1.  '  Set  this  aside  together  with  the  5  mar^j^f  of^a  different  \(^^ 

color  in  a  dish*,    and  the  plasticene    (mpd^ling  clay)  v 

>  '  I  '  *        '         *  • 

As   before,    half   fill   the  water  container  wifli  goo'l  water.  Put 
out   the   chemicals/in   supply  stations  with   clean,   marked  dis.-- 
pensers  next  to   each  supply.      (The  -anhydrous   s^lts   should  not  be' 
.put  out  until  needed,    in  Section  3.)      Be   sure   erfch   chemical  is 
clearly  I'abeled  .     Cover  the  'co n t ci irrrer-s^'wlrth  p4:^stic  wi-ap  when 
not"  iir  use  .  . 


AlthougTi  the  dehydrated  salts  (also-  ref erre<^;T|&:>  as  anhydrouS 
salts)    can  be  purchased  from  chemical   suppli^ka^,   y.ou  can 
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•  i  .      .    .         '         ;    .     -  - 

prepare  your  own  supply   from  the  hydrated'  crystals  you  have  been 
using  u'p  to  now.     For  each^ha^lf  cupful  you  will  need,   place  this 
quan*tity  of  the  hydrated  ysal t  in  a  pyrex  or  c^amic  dish  and  heat 
it   in  a   350°F>  (175°<^)    oyerTfor   s  e  ver  a  1 'hours  r**^A  f  t  er   this  ^period, 
transfer   it   to   a  jarNwhich  can  be   tightly  povQred   to  prevent 
r  ehydra  t  ion  r  ^    This  pro^s^ure  works  well   for  botn   copper  sulfa^ 
and  magnesium  sulfate    (ep^qm  salt).      Just  before   they  are* called 
for/  place   them  in   squat  containers   covered  with  plastic  wrap. 


ALLQCATION   OF  TIME: 


The  children  will   need  about   1-1/2   hpurs   fo^  this  Activit,y.'^ 
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TEACHING  SEQUENCE 


1.      Have   each  child  obtain  ^ 
measure  of  the  blue  vitriol 
hy drated  crystals  and  of  the 
epsom  salt  hydra  ted  crys'tals 
on  two  small  pieces  of  scrap 
paper.      They  ^hould  also  pick 
up  a  wooden   stick  or  tooth- 
pick.       -  .     .  / 

Introduce   the  Activity*by  ask- 
in<j  the  children*to  again  ob- 
serve these  crystals^care- 
fully.  _  . 

Ask  them  what  was  'given  off 
by  these  crystals  wheji^  heat 
energy  interacted  with  them* 

•  ks  there  any  evidence  of 
khe  i)resence  of  water  in 
tTO^   crystals^  ^ 

r 

Using   the  ^qoden   sticks  or 
toothpicks  have   them  move  the 
crystals   about.     Do  they  ap- 


pear moxst 


or 


dry^ 


Encourage   them  to  view  the 
crystals   under  magnification. 
Caution  them  not  to  handle  the 
salts  .         ^  . 
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On  healwlng,  water  was  given 
off. 


•Nc?. 


No  water  .will  be   visible;  of 
course.      If;  some   children  "wish, 
they  *2^an  view  a ~ c rV s t a  1  ,u n d e r 
th^^  microscope.      If   the  micfro- 
sccfepe   is  not  available,  have 
them  use   the  highest  power  of 
tlieir  magnifiers.  Combdnations 
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JT^CHING  SEQUENCE 


•  Do  these  substances  sbow  #he 
characteristics  of  a  liquid 
or  of  a  solid? 

•  How  can.  water    (or  water 
vapor)    come  frortt  "perfectly 
dry  solids? 


Help  the   children  \o  conclude 
'that  the  water  does  not  appear 
to  be  present  as   a  liqul-d. 
The   task  noy  is   to  try  to 
develop  some   idea-of  what 
might  be   the  -  case' within  the 
crystal  Which  could  ekplaip 
TR'e  ^bsQrva t lonT'^tTrey'^^^rarv^r" — ^ 


been  making. 


Recall  with  the  children  the. 
basic  difference  in  the  con- 
cept of^the  structure  of 
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of   lenses  ^re  possible  in  the 
case  of  certain  inagnifiers. 
For  instance,   with  the  AS&E 
magnifier,    they  can  go   up  to«* 
16X  ieasily%   although  the  depth 
of   focus   is   then  very  short.  ^ 


A  solid : 
shapes . 


they  exhibit  distinct 


Encourage  the  expres'^ion  of 
any  ideas   the  children  have  to 
offer.     Be  sure  they  blck  them  ( 
up  with  some  rational • argument . 


The   task  will  be  to  tJa^lpp  a 
model  of  a  chemical  bond.  Spe- 
cifically the  children  wall 
be  developing  a  concept  of  'the 
bond  be^we^-n-^~-^>:^Jlex,jno^ 
and  a 'molecule  ofaTTaTt']  ^Huyfr^^ 
ever,   the  ide^a^- involved  can 
be  applied  to  all  -chem.icaJ.* 
bonds.     Th^  bas^c  difference 
between   the  pr^^ent  bond  and 
that  developed* in  Grade   4  con- 
cern-i^l?^   the  bond  holding  a 
solid  together  before  ±t  tnelts 
is   that   in  any   S'0 1  iothe  uni ts 

^??aking  it  up  are  held  in  placed 
by  bonds  exerted  ir^  a  geometric 
array  around  them.      In  many 

"cases   there  are  bond^'  in  all 
three  directions  around  a  given 
unit.      In  the  case  of  the 
chemical  bond,    howe ver ,  the 
attractive   force  of^.the  bond  , 
is   exerted  between  two  uAts-- 
either  two  atom^,   or  two  Jfiole- 
cules.      In   the  present  <^se  it 
is  a  bond  between  a  water  molje- 

jcule  and  the  salt  molecule  in  '.  ' 
thecrystal.'.  >^ 


This  wa6  developed  in  Minise- 
quench  V  of  Gra*de  4  and  ' 
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TEACHING  SEQUENCE 


solids  as  cbmpared  with  liq- 
uids.    As  you  do  SO/  exhibit 
the  marble  model  you  conr 
structed  with  epoxy   in  Ac- 
tivity 1*      Display   this  model 
together  with  the   loose  mar- 
bles  in  the  dish. 

•  Which  of  tHese  models  best 
represents   the  blue  vitriol 
'     and  the  epsom  salt? 


0 

Which  of  the  substances  you 
*  ^  have  been  working  with  is 
best   represented  by  the 
^  loose  marbles? 


•  Does  water  ever  show  a  rig- 
id,   solid  structure?  . 


Recall  with  them  now  their 
observations  of  liquefying 
solids,  'such  as   ice,    in  Ac 
t-ivity  1: 


r*  r 
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•  How  was   the   solid  structure 
broker),  dowR  in  some  in- 
stances? 

•  What  does   the  heat  energy 
accomplish?      (Refer  to '•the 
mode  1 .  )  ^  ' 


140 


COMMENTARY 


reviewed   in  Activi)ty  *1. 


It  would  be  the  cemented  ^ojie . 
Its   features  of   rigidity  -and 
of   straight  edges  simulate  what 
they  have  observed  in  the  crys- 
tals . 

The   liquid  water.  -  • 


One   idea   that  should  be  offered 
would  be  when  ice   forms  from 
the   liquid .  ^ 

Note  'that  in  attempting  to 
build  a  mo^elx   reference  is 
continually  made'back   to  the 
observations.     Thi6   is  to 
•emphasize  that  the  model  is 
meant  to  help  imagine  what 
situation  at   the  submicro- 
scopic,    mdlecular  level  could 
account   for   the  observed  macro-^. 
scopic  behavior  of  .hydratecj 
salts.      The   task  of  model  build- 
ing may  be  challenging  for  many 
children.     Most   children,  how^ 
ever,   should  ultimately  be  able 
to  deve lop\a  viable  mode  1 , 
un'derstand'  it,   and  use   it  to  * 
expl'ain  other  observed  phenom-" 
ena  . 

By  adding  heat  energy   to  th§ 
solid.  . 


'Presumably ,    it  overcomes.  *the       •  ' 
forces  bii%3ing  the  molecules 
within  the  solid--as   in  the 

.1  o  1 ,   at  c  .  ^ 


case  of  ^ce,  sa' 
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TEACHING  SEQUENCE 


•  Were   all   binding  forces  the 
same  strengthf? 


•  Did  you  find  some  substances 
which  could  not  be  lique- 
fied? 


What,    then,  'can  you  infer 
about   the  binding  forces 
within  these  solids? 


•  But  what  effect 
energy  from  tha 
have  on  the  salts? 


did  the  heat 
S t erno  flame 


Help  the  children  to  make  the 
infere'nce  now  that   the  water 
mo  1  e  c  u  1        in   the  hydrated 
salts  must  be  held  in  place 
by  bonds  which  hre  weaker 
than  those   holding  tha^blue 
vitriol   molecules   to  each 
other.      However,   even  though  ^ 
the   bonds^  are-weaker,  they 
still  'keep  the.  water  rigidly 
attached  in   the  sol^ij;^^ 

V 

Now,    in  order  to  help  the  * 
children  visualize  how  the 
vrdter  molecules  might  be 
attached  to   the  hydrated 
salts,    attach  the  remaining 
marbles^  to   the  cemented  struc- 
ture with-piece'S  of  modeling  * 
clay    (plasticene) .     Ask  them 
to   imagine   that   these  added 
marbles   represent  the  water 
molecules  which  they  have 
inferred  are  present   in  the 
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No--the  binding  forces  holding 
water  molecOles  di\  ice  were  t^ 
weakest,    in   salol  the  next 
strongest,   an d^ sugar   the  next. 

Yes--neither   the  heat  ene^rgy 

from  J:he   Sterno'  aor  from  the 

hot  plate  could  liquefy  (melt) 

the   sodium  chloridie.      And',  of 

course,    the  white   form  of 

copper  sulfate  could  not  be 

liquefied  either.  Similarly; 

the  anhydrous   form  of  epsom 

salt   also   remaine'd  a  solid 

when  heated  over  Sterno, 

*  « 

See   if  children,  are  able   to  • 
infer   that   the  binding  forces 
must  be   relatively   strong  be- 
cause they  could  not  be  over-  ' 
MttM!^l*^y   th^  strongest  avail- 
able  source  of  heat  energy. 

I t  Apparently   drove  off  water 
mo l^cule  s , 


Flattened  pieces  e-f  clay  -about* 
the  size  of  a  pea  work-*  w  ill. 
Note   that   there   is    no   one  cor- 
rect w^y' of  attaching   th4  mar- 
bles--the.  children   can  have  no 
idea  of  how  the^ water  -molecules 
are  oriented  with   respect  to 
the  salt  mol^tiles  . 
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ERIC 


TEACHING  SEQUENCE 


salt  crystals. 

•  Does  this  model  show  any 
signs  of  mobility  in  the 
added  water  molecules? 

,  *  < 

In  the  mqdel   not  only   are  the 
blue   vitlripl  molecules,  at- 
tached to   each  other  by  bind- 
ihg  forces,,  but  also  each  wa- 
ter molecule   is^  bonded   to  the 
salt  molecules.     Because  of 
this   bond  to   the^salt,  the 
mDdel*seems   to  indicate  that 
the  water  molecules   are  not 
free   to  move  about  as  t'hey 


would  if  they  were  "alone"  \ 
in  the   liquid  state. 


Wh.at  is  the  similarity  to 
the   structure  of  ice? 

What  is   the  difference? 


At   this  point    in   the  discus- 
sion,   stai't  to  draw  on  the 
chalkboard  a  representation 
the  model . 


of 


4 
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The  ^structure  as  represented 
by   t-his  particular  mo^el 
shows   complete  rigidity. 


You  might  at 
to   the  loose 


this  point  refer 
marbles  represent- 
ing the   liquid  water  molecules 


to 
in 


rein  for ce 
liquids  ^ 


the  mobility  fobnd 


H^r.e  also   the  water  molecules 
are  held  i»n  position.     They  ar*e 
present   in  a   rigid  structure/ 


The 
not 
but 


in* 

Other, 


water 
•to 
to  salt 


the   salt   is  i^onded 
water  molecules, 
molecules. 


The   shaded  circles  -can  repre- 
sent blue   vitriol  or  epsom 
salt..    *As  ybif  "dlTs^uss   the  at- 
tachment of  the  w^ter  Tit^le- 
cules,    insert  them-as  open 
circles   and  connect   them  with 
lighter  lines   to   the   shaded  * 
circle*      (Circles  of  the  same 
size,  can  be   used.     The  water^ 
molecules  are  actually  smaller 
than  the  sal't  molecules  but 
the   children  have  no  way  of 
knowing   this.)      The  lighter 
lines   from  the  water   to'  the 
salt   indicates  a  bond  which 
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TEACHING  SEQUENCE 


lb 


Discuss   the  difference   in  the 
types  of  boads   they  are  pres- 
ently aware  of  in  the  blue 
vi t r^pl  a.nd  epsom  salt.  Note 
the   s trongei^bond  between  the 
-salt  molecules  and  weaker  ones 
where  the  water  molecules  are 
•attached  J:,o  the  sal,t.  Rein- 
force ,this   idea  by  asking  a  "  ' 
child  to  pull  off'one  of  the 
tnarbles   representing  water 
from  the  marble  model. 

•  Can  you  dislodge   the  other 
type. of  molecules  as  easily? 


Encdurage   the  children  to  dis- 
cuss  how  this  model  can  ex- 
plain what   they  have  observed 
-on  he'ating  Jiydrated  salts. 
The   following  points   should  be 
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is   more^easily  brdlcen  than  the 
bond  between   the  salt  molecules 
themselves . 


This  will  be   v^y  easily 
complished .    -  It   is   s  tuck, 
only  with  cjay. 


ae- 
on 


The  others  will   take  more  of  a  - 
pull.     Ojf  course,   with  a  strc?ng 
enough  pull   t-he^e  marble's  can 
a-lso  be   removed,   but  |:here  is 
^a  noticealDle  differen,ce. 
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TEACHING  SEQUENCE 


covered : 


b) 


/ 


d) 


The  water  is  attached  to 
sites  on  the  copper  sul- 
fate . 


The  water  at   these  sites 
IS   not   free  to  move  about 
as  easily  as   it  does  when 
.attached   to   itself.  At 
this  .temperature,  e.g. 
25^C,    free'water   is  a 
liquid. 

A  moderate  amount  of  heat 
energy  added  to   the  sub- 
stance 6an  overcome  the 
bonds  between  water  arfd 
the   salt,    liberating  *the 
water  which   goes   of^f  a^s 
a  ga  s    ( vapor )  . 

When  these  water  molec'ules 
in  the  gaseous  state,  reach 
the  cooler  portions  offthe 
test  tube,  they  give  up, 
some  of  their  extra  eni^rgy 
and  .condense   to  a  liquid. 


e)   The  heat  energy 
Sterno  was  not 


from  the 
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You  may  introduce   the  term- 
chemical   bond  at   this  point  to 
describe   fhe^bond  directed  be- 
* tween  the  water  and  the  salt. 
(Actually'  it'  m^y  also  be  re- 
f'Gjrrfed  .td-  as   a  molecular  bond 
since  .it  is  between  twq  molec-^ 
ular •  species  .  ) 

J?  -  *      •  ♦ 

As   a   liquid  its  molecules  wiuld 
be   free   to  move  ai^put  without 
much  restriction. 


The  children  'observed  droplets 
of  water'  form'at   the  cooler 
pbrtions   of   the  tube.  This 
observation   illustrates  .the 
phenomenon  of  change  of  state. 
If  the  molecules   in  a  gas  (in 
this   case,   water)    have  their 
extra, energy  taken^  away,  the 
bonds   exerted  between 'them 
come   into  play  again  and  the  * 
liquid^  state   is  re-formed. 
(See  Activity   5  of  Minis eqVience 
V  in   Grade  4<.  )      They  drove  out 
the  v^ater  into  *the   air  when, 
they  heated  the  cooler  portions 
of  the  tube . 
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MINISEQUENCE  II/Activity  3 


TEACHING  SEQUENCE 

sufficiently  strong  to 
overcome   the  binding 
forces  holding  the  blue 
vitrio'l  or  epsom  salt  to 
itself  in  the  solid  crys- 
tal . 

*3.,    'Keep  -on  the  chalkboard  the 
illustration  of  the  reversible 
processes   as  heat   energy  is 
added  to^  the  (jiydrated  salts 
and  when  it   is   given  off  as 
water  bonces   are  re-formed. 
(See  page 'laS.  ) 

Sh9W  the   children  your  supply 
of  "a'nhydrous  blue  vitriol. 
Tell   them  the.  wate'r  of  hydra- 
tion .was  already  removed. 


Ask   them  where  this  salt  be- 
longs on  the  energy  chart  on 
^  the  'board . 


What  would  you  pre^dict  would 
happen  if  you. added  a  little 
water   to/  a  sample? 


I 


Would  you 
to  appear 


expect  the  solid 
wet  with  water? 


•  Which  do  you  think  has  more 
'     energy   in  it--this  anhydrous 
salt  or   the  blue  'cry ^tals? 

Have   the   children  obtain  (or 
make  another)    aluminilm  foil 
boat.     Tbey   should  also  obtain 
a  wooclen  dispenser  and  go  to 
the  chemical  supply  station 
for  2  or   3  measures  of  the 
anhydrous  salt-.     Have  them^ 
observe   it  and  describe .  the. 
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ERLC 


'As  evidenced  by  the 
that  tfie-  dehydrated 
not  melt.  ^ 


observation, 
salt  did  ^ 


This  Section  of   the  Activit/^ is 
c.oncerned  wi'th   reinforcing  some 
of   the  idea-s  of   the  hydration 
process^    that  is,   the  formation 
of  bonds  o^  water  to  a  salt, 
accompanied  by   the   release  of 
heatenergy. 

It  may   appear  very   faint  blue 
''or  green  in  bulk.     Be  sure*  the 
container  is  covered  with  a 
cap  or  plastic  wrap  to  prevent 
moisture  from  reentering . 

Have   them   ident  i  f  y  t^iat   it\  * 
would  be   represented  by^  the 
S'al  t  at   the   top  .  .  , 

For   one   thing,    i.t  should  turn 
blue;    for   anothefr,   heat  energy 
would  be  given ' of f . 

•Those  chil^xen  who  have  under- 
stood ;that   added  wa%er  will 
re-form  hydrate  bonds  will 
respond  that  it  will  'look  like 
the   original  blue  crystals. 
Don  *t  b»e  concerned  if  some        .  ' 
children  may  still  be.  unsure.' 
Shortly   they  will  perform  the 
experiment   thems  el  vefe^,,^ 


Un5er  magnification,  it  appea.rs 
as   a  very  fine,    almost  white 


■i 
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TEACH  I N G   S E Q UE{J.CE 


appearance 


Now,"  have   them  hold  the  boat' 
in   the  palm  of  one   hand  while 
they  add  1  or   2  drops  of  wa- 
ter to   the  white  salt. 


•  Vhat  do  you  think   is' hap- 
pening? 


•  Wher^   is   the   extra  energy  o£ 
the  white  salt  now? 

•  Where   is   the  water? 


As    they  observe  the   salt  in 
the  boat,   have   them- shake  it 
about.      Does   it  appear  wet? 
They  can  use  the  sticks   to  / 
get  d  #feel"   for  the  condition 
of   the  salt. 

Use  the   schematic  on  the  board 
to   reemphasize  what  has  hap- 
pened  to   th-e  anhydrous  sal«t 
and  the  water. 


er|c 


COMMENT^tRY 


powc^^. 


There  wiXT'be  an  immediate 
change   in  color  to  a  distinct 
blue.     Also,   the  bott9m  of 
the  boat  will  begin  to  feel 
very  warm.  ^ 

Bonds   are  forming.     As  they 
respond,   direct  their  attention 
to  the   downward  reaction  on  the 
^schematic  on  the  chalkboard. 

Given  off  as  heat  energy.* 


Again  refer  to  the  s  chfemat i  c , 
emphasizing   the  bond  formation 
between  water  and  the  anhydrous 
salt. 

The  water  will  appear  to  be 
absorbed  completely  by  the 
solid  powder.     As   they  "feel" 
the   crystals  with  the  stick,' 
thSy  will  a'ppear  dry. 


^Th'e   important'  idea  they  should 
be   getting   is  an  understanding 
that  as   the  water  bonds    form , 
heat  ?nergy   is   giv^n  of f--that 
the  salt  with  'the  bonds   is   at  • 
a, lower  energy  state.  The 
ex;tra  energy  contained   in  an- 
hydrous material   is   given  off 
as   the  bonds  with  water  re-form, 
resulting  in  a  dry  solid.  For 
those  children  -interested  in 
repeat ing  this   type  of  observa- 
tion,  have   them  obtain  a  few 
measures  of  magnesium  sulfate 
which  has  -also  been  dehydrated 
(see  Preparation  for  Tea  chin g) 
and  repeat   the  pro*cedure  . 
Ag^in  the  water  will  appear  to 
be   "taken  up"  by  the  anjiydrous 
salt.      No  color  change,  of 
course,    wi 1 1  •  accompany  this. 
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EXTENDED  EXPERIENCES: 


1.  If  Other  ^anhydrous  salts  are.  available the  children  can 
,perfo-rm  additional  experiments..    For^instance ,   sodium  ca'rbonate 
Jmonohydrate) ,   which  is  available  in  photographic  supply  stores, 
•will  take  on  water  and  form  a  more  highly  hydrated.  salt .  Again, 

the   added  water.will  appear  to  be  absorbed.     Both   forms  pf  the 
carbonate  are '  colorl.ess ,   as  was   true  of^,^som  salt. 

2.  Other  hydrated  salts   can  be   investigated  in  "a   fashion  similar 
to  the  blue  Vitriol.     In  the  next  Activity ^they  will  have  an 
opportunity .to  investigate  two  more,    cobalt  chloride  and  sodium 
•acetate  or  sodium  thiosulfate.      If   fine   crystals  of  hydrated'  ^ 
nickel  sulfate    (deep  green)  .are  available,   children  .can  place 

a  few.  me^asures   in  a  test  tube  and  dehydrate   it.  '  (if  the  chil- 
dren use  the  aluminum  boats   for  the   heating,   use  -the  candle  « 
flame  and  no,t   the  sterno.     The   thinness   of  the   foil  might  result 
•in  melting  the  aluminum  over  the  hofter  sterno   flame.)     The  an- 
hydrous 'form  is  yellow.'    However,   this   salt   is  not  as  "coopera- 
tive."    It   takes   a  long  while   for  the  hydrate  bonds   to  re-fotm  " 
when  water  is   added!.  '  . 

3.  •    What  happens- to  some  of  these  hydrates   if  left  open  t6  the 
air?     Children  should  be  aware  .that  there  is 'h^t  energy  av^-'il-' 
able   from  the   rbom.     After  all,    an  ice  cube   can  melt  at  room 
temperature,   a  process  whic'h  requires  heat  enefgy.     will  som^e 
of  these  hydr^^tes  also  haye  water  ^jonds   brpken  by  the  heat 
energy  of  the   room?     How  can  they   find  out? 


ERIC 
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Activity  4      Using  the  Model 


In   this   Activity   the   children  experiment  with  a  variety  of  ad- 
ditional' hydrated'  salts,   b'oth  colored  and  colorless,   as   they  eoc- 
pand  their  experiences  with   the  role  of   heat  energy^  in  the  break- 
ing and   formation  of  bo'nds  ,  '    Th^y  discover   that  when  a  soli,d 
salt  interacts  with  Water,    heat  energy  may  either  be  given  off 
or  absorbed,    depending  upon  whether   the  ^alt  was  hydrated  Q^r  ^ 
dehydrated  to  start^with.      In   forming  solutions  with  water,  if 
bonds   to  water  have  to  be   formed  first,    the   system  will   get  hot-- 
heat  energy  will   be  .given  off.      If  water  bonds   are  already  pres- 
ent,  the   interaction  with  water  as   th^.  salt  goes   into  solution 
is   accompanied  by  an  absorption  of   heat  energy  which   is   used  to 
free  the   salt  molecules   from  the'bin'ding  forces   holding   them  ih 
the  'solid.      In  that  case>,    the   system  cools  during  solution-mak- 
ing.   -Thus,  ,the  children  establish  .a  criterion  for   determining        ^  , 
if  bonds   to  water  have   to  be   formed  along  with   the  dissolving       *  •  < 
of   the   salt.      Is   the   solution  process   accompanied  by  an  increase 
or'  decrease   in  temperature?     If  accompanied  by  am  increase, - 
bonds  are  being  formed  with  water^;    if  a   decrease,    the  bonds 
holding  the   solid  are  being  broken.     These   ideas  a<e  established 
as   the   children  work  with   cobalt  chloride,    sodium  acetate  and 
sodium  thiosulfate,    the  last  two  being  colcj^rless  salts. 

^  -  '  ' 

MAT-ERIALS   AND'  EQU IPMENT  : 

For   the   c la s^:  '  -  % 

safety  matches 
1     polyfoam  water  container,    3  qt    (3  l-fter)  capacity 

plastic  wraj^  *  •  ^ 

•    "  *  ■   •  -  ^     '  ■  \  F' 

1     test  tube,   any  size  ,  -         *  ^  *f  ^ 

paper  towels  ^  ^ 

several  wide-mouthed  containers  plu^s  wooden  splints  a^*     .  ^ 
dispensersofchemicals  * 

Supply  of  the   following  salts:      (1/2   to»l  cup) 

•    cobalt(ous)    chloride,   hydrated,   fine  crystals  \ 
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•  "hypo"   ^sodium  thiosulfate)  ,   hydrated  crystals 

i57      •  • 


MINISEQUENCE  II/Activity' 4 


sodium  acetate,    hydra€ed  crystals 
For  each  child:  ^  » 

2     test   tubes,    100  mm  x   13  mm 
1     test-tube  holder,  metal 

1     beaker,    heat  resistant,    30  ml^capacity 

1     thermometer,    -20°C   to   SO^C,    e.g.,   Macalaster  No.  2662 
(optionafl) 

1     medicine  dropper 

1  magnifier 

For   each  team  of   two:'  j 

1     jar  to  'serve   as   test  tube  .rac^ 

1     ca^n^Sterno  with   aluminum  foil/^to  set  it  o«i 


1     cup,   plastic  or'polyfoam  f^or'/water  supply 

-     '  -  ,  ^  *     IS'  ^ 

extra  pieces   of  paper  andr^f  aluminum  foil 

e  ' 

,  5>REPARATI0N   FOR  TEACHING: 

J1ialf-f|ir  the  polyfoam  container  Mth  room  temperature  water 
^"(^0-25^C):.  Have  the  hydrated  crys^kfs  of  cobalt  chloride, 
?  sodium  thiosulfate  and^  sodium  acetJte  available  in  wide-mouthed 
^containers  together  with  wooden  dispensers  marked  at  the  1-cm 
^ level.  The  containers  should  be/c6vered  with  plastic  wrap  when 
.not  in  use  to  pre vent ^ prema ture  loks  of  w^ter.  ^  "(This  will  also 
■^prevent  the  cobalt  ^chloride  from  packing  up  maisture  if  ihe  air- 
in  the   room  is  humid.)      if   t;he   coblalt  -chloride,  is  not^in  the 


form  of   ve^ry.fine  crystals,   break  jit  up  by  patting   thej  larger 
crystals  in  a   bloth  bag   and  bangiijg   it  with'  a  hammer.  /  Place  the 
different  chemicals   in  different'  locations   to  avoid  c>6ntamina- 
'  tion  *  w 


,Hav^   the  other  materials   the  children  will   need  Accessible  to 
them.      This   should  include   the   test   tubes,   beakers,    te^t  tube 
^.holders,   Sterno,   aluminum  foil,    jjars  ,   cups,    magnifiers,   water  '  ^ 

fsupply  and  optional  thermometers.^' 

I 

^ALLOCATION   OF  TIME: 

^The   children  will   need  about   2   oxi   3   hours,  for  this  Activity^ 


ERiCi         '  . 

ill       .  I  ; 
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TEACHING   SE;QUENCE  ♦ 

1.     Place  ,a   smal  1  ♦sampl^e  of 
"the  hy drated  "bobail t  chloride 
in  a  tes't  tulb^  and   show   it  to 
the  class. 

Tell  tKem  this   is  a  salt  call- 
ed  cobalt  chlorT^^     The  ques- 
tion is:      Is   it  hydrated? 
Does.it  have   water  molecules 
bonded   to  it? 


>Jow  have  them  proceed  with  the 
experiment. 


Have  each  team  obtain  their 
water  supply   in   the  polyfoam 
cup,   a  can  of  Sterno  plus  its 
required  fo-il,    2  beakers,  a 
test  tube  holder  and  medicine 
droppe  r . 


Tell  the  children  that  they 
will  be  heating   some  of  fjcie 
salt  in  the  beaker..     Show  them 
how'the  beaker   is   to  be  held 
with  the   test  tube   ho.lder  as, 
it   is   heated  over  the  Sterno 
flame.      Grabbing   it  on  a 
side   (as   illustrated)    will ^ 
ensure   a   firm  grip.  Once 
they^  have  mastared   the  tech- 
nique  of  holding   the  beaker, 
kave  the.  teams  place  two  mea- 
sures of  cobalt   chloride  in 
each  of  the   two  beakers. 


COMMENTARY 


Tlje '  children  should  be  ready 
with   suggestions*  pn  how  to  find 
out:      get   any  possible  bound 
water   off  by  hea'ting  and  then, 
if  water   is   returned  to  the 
system^    the   original  material 
plus  heat   energy,  should  be 
produced . 

In  this   Section   the  children 
will  be  working   in  teams  of 
two.      If,  4hey^are   to  work  indi- 
v*idually,    alter   t'he  "ma  terial  s 
requirement   accordingly.  ^ 


They  will   be  placing  a   small ^ 
layer  of   the   cobalt   chloride  on 
the  bottom  of  the  beakers  to 
be*  heated.    'They  must  not  use 
aluminum  boats   for   this  ^inc^ 
the  gobalt   chloride  will  inter- 
act with  the  aluminum  and  de- 
s troy    it .  '  * 
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MltliSEQUENCE 


II/Activity  4  A 


TEACHING  SEQUENCE 


Once  they  obtain  the  salt, 
have   them  observe  *the  crystals 
closely  with  either  the  magni- 
fier or  microscope. 


Using   the  .same  precautionary 
procedures   ou:t;lined  before,, 
ask  them  to  set   up  the  heat- 
ing source   eind   theti   light  it 
for  them. 


Have  them 
*c  a  r  e  f  vTl  1  y 


changes--f or 


he-^t   one  sample 
and   look   for  ^ny 


signs 


tera^ct  ion . 
the  beaker 


They  sliould  hold 
over   thk   flame  un- 


til  the  .contents   aj^pear  dry 


After  exting.uishiac    the  ria 


beaker 


on  la] 

r 

cool'  back  I 


©f  an  ih- 


i  me 


set  the 
foil  to 
temperature^ 
advisable  to' 
on  while  it   is  coojl 
not  u-se  plastic  wria 


of 


beaker  will  be  tool 
stead,  -place  a  small 
metal   fbil   on  the  t 
ho t  beaker .    *     *  i 


piece 
o  room 
It  vvioluld  be  ^ 
put  jcovering 

ng  but  do 

The 
ot.  In- 

piece  of ;^ 
p  of  the 


While   the  beaker  ; 
off,   discuss  what 
just  observed: 


t^hl 


rooling 
ly  have 


•  Did  you  see  any  evij^^ence  of 
water,  cooling  off? 


ERIC 


COMMENTARY 


The  amount'  of  salt'  tfhey  take 
should   form  a   thin* layer  on 
tVe  bottom  of'the  beaker. 

On  close  inspection  these  red 
crystals  will  be  t rai>spa r en t . 
If  there  happens   to  be  some 
perfect;ly   formed  ones ,    they  « 
will  -  appear  'as  cubes. 


As   the   cobalt  chloride'is 
heated,    it   starts   1;o  lose 
bonded  water  and  ^i^^  color 
chantges   toxblue.      In   fact,  so 
much  water   is   driven  off  that 
bef  o  re   it   a  1 l^a^^es,    some  *of 
the   salt  may  tend  to   form  a 
solution"  with   the  Liberated 
water*      However,    if  pnly  a  \ 
thin   layer  of  salt  has  been  " 
heated, ^ the   dehydration  pro- 
cess will  not  be  confused  by 
this  phenomenon*. 


Some  children  may  have  seen 
some   evidence  of  water  ini- 
tially as   the  blue  substance 
was   crea^ted;  'there  may  have 
appeared  to  be  some  liquid 
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MINISEQUENCE  UTActivity-^ 


TEACHING  SEQUENCE 


•  How  can^you  t>ell  ,fox  sure  if 


the  b  1  u  e_,  mater^ia  2- -rn^^^e  - 
hydra^ted   form  of  cobalt 
chloride? 

•  What   else  would  you  expect 
to  observe   i$»  the  blue  form*' 
were   really  a  dehy*drated  f 
form  of  the  salt? 

When  the  beaker  is   no,  longer 
hot'  t<s  ^he   touch,    the  bo t toiti 
can  be\ immersed  in  the  cup 
of  wa^r   to  hasten  cooling, 
Dry  Off  the  beaker. 

Now^^as  one  child  holds   the  ^ 
-be^er   in   the  palm  of  his  or 
her  i>and,    have   the  other  child 
add  2  or   3  drops  of  water. 


•  What  happens? 


Did  the   red  material  lose 
bonded  v^ter  when  heat  en- 
^    1  a  a  e  a  z 


ergy  was  added? 


ERLC 


COMMENTARY 


present.  But  unless  they 
placed  'a  loose  cover  over 
top  of  the 


had 
the 
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beaker. where  water 
could  have  condensed,  they 
would  not  have  been^aware  of  it 
leaving'  the  systl^'m. 

^By^^ddiji^q  back  a  drop  or  two  of 
wate^'  and  seeing  if  the  red  re- 
"f  o  r  m  s  . 


Heat   energy  shouJLd  be  released 
a^s   the  wat^r  bonds  "are  re- 
formed,  as  well »as   the  return 
of   the   original  color. 


This   time   jyst*enough  water 
should  be-  added  so  "that  the 
hydrate  not  only   re-forms  but 
a  very   small   amount  of  (red) 
solution  is   formed  as  well. 
Be   careful  here  because  if 
too  much  water   is   added,  the 
libe^Ked  heat- energy  will  be 
dissipated  over   too  gx^t  an 
amount  of  material   and  the 
children  may  not  be  able  to 
feel   the  warmth.  \. 


There  is  a 
inar  color 
warm.  (^f 


return  to  the  orig- 
and  •the  beaker  feels 
on  standing  some  of 
the  dehydrated  salt  molecules 
rebond  some  water   from  the  air, 
the   solid  will   start  to  appear 
purpj^ ,  combination  of 

blue   and  red'.  ) 

Since   the   color  not  only  re- 
turri^ed,   but   it   did  so  with  the 
evolution  of  heat   energy,  the 
evi'dence         all   in   favor  of 
the   red  cobc^lt  chloride  having 
water  bonded   to   it.      It   is  . 


MINISEQUENCE  IlVActivitr?  4 


TEACHING  SEQUENCE 

_In  discussing  this  return  to 
the    eriqln3-3r--S^-a  tP  ,  .  ;^mp 


the  generalized  chalkboard 
diagram  to  emphasize  the  re- 
versible nature  of   this  pro- 
cess.    This   time  show  a  sche^ 
matic'bond  between   the  sal't 

'and  .watbr  ^at   the   lower  energy 

HL-evea-^lJ' 


COMMENTARY 


hydrated » 
hydra ted , 
the  salt.» 


^The  blue   is  the  de- 
or  anhydrous form  of 


1 


-Higlaer 
Energy ' 
Level 


DEHYDRATED 
SALT 


Heat  Energy ' 
Given • Of f ; 
Bond  re-forms 


+ 


WATER 


Heat  Energy 
Absorbed; 
Bond<  Breaks 


Lower 
Energy 
Le  ve  1 


SALT«-^WATER 

(bond) 


»  */ 

of 

in 


Refer  now  to   the  small  bit 
red  5S>plution  whic^h  formed 
the  beakers. 


•  When-  this   solution  formed, 
was   heat  energy ^absorbed  or 


given  off? 


.       Is   this  normally  the  case 


ERLC 


Whenever  yoa  consider   it  ap- 
propriate,   discuss  with  the 
/children   the   concept  of  th4e-->^ 
accountability  of   heat  energy 
in   these   reversible   changes:'  • 
that  heat  energy  must  be  taken 
in   to  break  the  bond,    that  the 
energyis    then  present  within  ' 
^^-<he  ^produc ts   formed,    and  that 
^.-vhen   the  water  and  the  salt 
form  bonds  again,    th^   heat  en- 
ergy reappears.   '  It  is  hoped* 
that  eventually  the-children  ' 
may  be  able   to  transfer  this 
concept  to   the  making  and 
-  breaking  of  any  bond   in  a 
molecule • 


Since   the^ system  became  warm, 
heat  energy  was  being  given 
off  as   the  water  re bonded  to 
the  salt^. 

Nat  always  —  in  Grade  5  of  the 
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MINISEQUENCE  II/Activity  4 


TEACHING  SEQUENCE  4 


when  solutions^  form?  Dis- 
cuss, any  examples   the  cj;iil' 
dren  may  recall. 


■-J 


} 


If  nfec^ssary ,  I'to  reinforce 
this   idea  of  the  absorptidn  of 
heat  energy  iis  solutions'  are 
made,    let  them;take   1/2  tea- 
spoon of   table   salt  (sodium 
chloride),   p^lac^e   it   in  a  *small» 
cup  or  -beaker,    insert  a   ther-  • 
mometer,    and   then  add  a   drop-  f 
per'ful  of  water  of*  kn6wn  tem- 
perature  and  observe  what  hap- 
pens*    The  'temperature  of  the 
salt-water   system  will  drop  a 
few  degrees--an  indication 
that  heat  energy   is  being 
^/'taken  up"   a^  the   salt  d 
^s^aj^ves  . 


lis-X 


ERIC 


•  Suppose  you  made  up  a*  solu- 
tion of  the  cobalf  chloride 
^crystals   th^t  had  not  been 
/    '  dehydj:ated--the  red*  ones  . 
f  Would  you  still  expect  the 
system' to  warm  up  as  water 
-   is  added? 

.  Suggest, that   they  try  doing 
•   154  - 


the  a  1 1  r^a  c  • 
tive   f or ce  ^B'e^&ween  wate'r  and 


COMMENTARY 


COPES   cun^iculum,   children'  " 
•worked  with  a  variety  of  -salts 
di^sol vi ng   in  wate^aiHJ  In  all 
the   cases   they  investigated, 
heat  energy  was   absorbed  as 
the   sa^ts  dd's^^olved.     The  sys- 
temscooled  down.     Based  on' 
these  observations   and  V^eir 
priar  experiences  with ''change 
of   state,    they  inferred  that 
it  ^tOQk   energy  and* 

the   solid  s>alt-to  brea,k  th'e 
bond§  holding   the  molecule^ 
togjether   in   the   solid.      If  the 
children  h^ve'  not  liwtod  these 
exper  ienq,es',   you  maw  want   to  ' 
in^terpose  a   teles  copied  versi'on 
of  Activi-t^y  '2  of  M i nli s eque nc e 
Ill^of  Grad^   5   at   this  poiQ^; 
.if  they* have  had  them,   you  may 
still   find   the^  brief  review 
described*  under   the  teaching 
sequence  helpful. 

If   they   are  using  the'  plastic- 
backed  thermometers,    cut  .off 
thp  plastic  about   172   rni;h  up 
from  the  bottom  toa  expose  the 
bulb   so   it   rests   on'tlie  bottom 
of   the   container  and   is  sur- 
'roundedi  by  the   sm^all  quantity 
of  solution.     To  measure  out  a 
dropperful  of  waiter ,    the  chil- 
dren should   insert   the  dropper, 
squeeze.*' tl^e  bulb,   and'^let*  as^ 
much   liquidvcome  up   into  the 
tube  while   still   immersed  as 
can.      This    is   about   1/4  tea- 
spoon of  liquid   if  you  use 
^tanda^d  dr o^pers^ 


Encourage  their  speculations 
and   rea'sons   for   them**  ^ 
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REACHING  SEQUpNfE 


it:      Eirst   rin^e'  out   and  dry 
their  beakers  and  then  put  1 
teaspoon  of  red  unhea ted  co- 
balt chloride   into   it.  The 
teams   should  then  check  the 
temperature  of®heir_wat-ef 
supplies,    insert   the  thermom- 
eter .in   the  sample  of  crys- 
tals, •and  add  a  dropperful  of 
the  water  to  them. 


HINJSEQUENCE  ,II/Activity  4 


commen'pa'ry 


•  ,What  happens   to   the  tempera- 
ture of  this  s^ystem? 


It  dro^s  about   2^or   3  degrees. 
(The   reason   for  working  with 
a  larger  sample  of   the  salt 
is   to  get  a  measureable  change 
in   temperature . ) 


•  How  ^^oes   thi^  compare  with 
"^the   temperature  change  when 

water  was   a4ded  to  dried-out 

cobalt  chloride?^ 


Then   the   temperature  ros^e 


•  What  was   th'e   color  of  the 
solution   in   each  c^se? 


Help  th6   children   to  under- 
stand that   in  both   cases  they 
obtained  a   solution  of  cobal' 
chloride   in  waiter. 

•  Why  did-^the   temperature  go 
tip  in  one   and  down  in-t];ie 
other?  ^ 


If  the  childrerx  have 


ERLC 


The   color  was   the   s^e   in  both' 
cases,   although  the   red  color"^ 
may  have  been  more  i'iitense 
Vhere   the   spoonful   of-  crystals 
was   dissolved  becaus-e  of  the. 
larger  amoun't  of  cobalt  chlo-** 
r  ide^  '  ' 


\ 


Encourage   them  %o   discuss  t^is 
question   thoroughly       The  dif- 
ference  is   due   to  the  fact 
that   in  the  case  of   the  dehyr 
drated   salt,   as  wa  te  r,.  i  s  ^  added  , 
bonds  are   for^e^i  between 
and   salt-an'd  neat  energy 
given  off;    i.n   the   s  e  co  n  d 
the   red  crystals  already 
'Water  bonded  to  #hem--thus,' 
when   they   interact  wi.lh  more 
water   to   Jbrm  a  solution,   heat  . 
energy   ig  absorbed   i n | Jd r e akinjT 
apart   the   crystal   s  tr4c  1 1£^?7^ 


water 
i  s  ' 
case, 
have 


164 


.*1.55 


MINISEQUENCE  II/Actlvity  4 


TEACHING  SEQUENCE 


difficulty  with   this  question, 
use. the  schematic  diagram  -of 
heat  'energy  and  bond  formation 
th-ey  have  been  developing  to 
help  therci  provide  an  explana- 
tion for   these  differences. 

Ask   such   leading  questions  as: 

•  What   is   the   di^fference  in 
the   two   substahces   to  which 
the  water  was  added? 


What  occurs   as  water  is 
added  to  the  blue   sal t-=-^vhich 
had  been  heated? 

As  water  bonds   form,  ^ 
heat  energy  given  off  or 
absorbed? 

What  do  you  think   is  hap- 
pening as  water  interacts 
with  the  unheated  re4  crys- 
tals? 


Is  heat  energy  absorbed  o-r 
given  off  as  these  crystal 
bonds   a^re  overcome? 


What   is   the   evidence  that 
heat   energy  is  being  ab- 
sorbed? 


3,     Will  ''the  phenomenon  they 
have   just  •  observed  b-e '  true  of 
any  hydrate?     That   is,   when  « 
water  is  added  to  a   soluble  - 
hydrated  salt,'  does   the  tem- 
perature decrease,  signifying 
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COMMENTARY 


In  one,    there  was   no  water 
bonded  to. the   salt.-    It  woUld 
correspond  to  the  higher  energy 
state  salt.     in  the  other  (the 
un*heated  salt)  ,    the  water  bonds 
are  already  present. 


Refer  to  the  salt  at,  the  top 
of   the   schematic  diagram.  Wa- 
ter bonds  wTll   torm , 

It  is  given  off  as  fehe'  process 
proceeds  down  in  the  schematic 
to   the  hydrated   $alt.  ' 

The   red  crys tpls^-.a:lfe"^isso}.v- 
ing:      The  bonS^  holding  the 
cobalt   chloride   in   the  pat- 
terned structure  of  the  solid 
^re  being  overcome   to  free  the 
salt  to  become   p^rt  ^r&-^he  liq- 
uid solution,      (See  Minise- 
quence   III,   Grade  5.) 

Heat  energy   is   absorbed  (taken 
in)  .      It   is   used  to  "J^^jLquefy" 
the   red"  crystals  as   they  dis- 
solve  in  the  water 


The  very   fact   that   the  tempera- 
ture decreased- -that   the  system 
became  cooler--meant  that  he-at 
energy  was   being  absorbed  from 
the   surroundings.,   which  includ- 
ed  the  water , 

In   this  Section  of  the  Activity-, 
the   children  wi]^l  lagain  find 
that,   when  water   is  -added  to 
hydrated  salts,    whether  the 
system  becomes  warm;er  or  cooler 
depends  on  whether  bonds  to 

K)6       '    -  ' 


MrilTSEQ0BNCE  llActivitVl4 


TEACHING  SEQUENCE 


the  absorption  of  heat, eneVgy 
Whe^n  water   i's   added  to   the*^  de- 
hydrated salt,   does   the  tem- 
pe*rat^ke   increase,  signifying 
the   liberation  of  heat  energy 
as   hydrate  bonds   are  formed? 

To   find  out,    each  child  wilU 
now  need   2   test   tubes,   a  test 
tube  holder  and  a  medicine 
dropper.     The   team  will  share 
a  can  of  Ste/^no,   a   jar  in 
which  to  place   the   tjabes,  and 
a  cup  half  filled  wi'th  water- 
at   room  temperat i;r'e .     They  can 
share   the  observations   if  one 
child  works  with   sodium  ace- 
tate and  the  other  with  sodium 
thios\ilfate  .      Each  child 
should  place   2  or   3  measures 
of   the  salt  he  or  she^will  be 
invest ig^ating   in/co  "each  of 
their  two  test  tubes. 


COMMENTARY 


water  have   to  be   formed  before 
solution-making   takes  place..- 
It   is   suggested  that  teams  of 
two   share   the  -  experience  with 
the   two  hydrates sodium  acetate 
and  sodium  .thiosul fate . 


H'ave  them  observe'  each  of  the 
salts  and  note   its  properties 


^Then  6ach  child 
one  ©f  the  t-est 
rack  substitute 
other  test  ti^tee 
Sterno   is'  lit-. 


sjiould  place 
tubes   in  the 
and  heat  the 
aft^er  ^  the 
.hile   it  is 


mi 

b6ing  heated,  the^system 
should  be  observed  carefully 


first 
give  the 


the   contents  will 
appjearance  of  melt- 


ERIC 


These  are   tfte   same   salts  which 
\|   .were   investigated   in  Grade  5, 
Minisequence   III,    Heat  EnercrT* 
and  Liquefying   Solids:      The  ' 
properties   they  may  note  are 
the   color,    (both   are  white,  or 
if  they  happened   to   loo^k  at  a 
few  crystals   under'  the  microV^ 
scope,    they  will   appear  cleVr 
and  colorless)    and  distinct 
crystal   shapes . 

t 

Be   sure   the   usual  precautions 
with  Sterno  are  observed,  'pa^r- 
ticularly  the  one   about  jior 
letting   the  mouth  of  the  test 
:ube  be  directed  at  any  bther^i* 
child.  '  .  ' 

Actually  what   is   h-appeniTng   is  ^ 
that  so  many  hydrate  bonds  a,2^e 
-being  brbken--so  much  water  is 
'being   liberated--that  'initially 
the  very   soluble   sa^ts   are- das- 
solving   in   this   freed  water. 
In  this   respect  these  salts 
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TEACHING  SEQUENCE 


'As  heat  energy   continues  td'Jbe 
added,    the   freed  water  will 
cause  bubbling..    When   the  ; 
children*  observe   the>e  ; 
changes,   ask  .them  what  in^ter- 
actions   they  believe  are  tak- 
ing p-iace  .  ;  ' 


Ask  them-to  continue   the  lie^at- 
ing  untilo  no  more   changes  are 
apparent . 


What   do  you   think   is  the 
difference  between   the  con7 
tents  of   the^tube  yo-u 
Jieated  and   those  of  the 
un heated  "control?" 

If  water  bonds   wer^'  being 
broken  by   the   add     ion  or 
heat   energ;y,   what  would'  you 
expect  whe^n  you  add  a  few 
drops  of  water  after  cooling 
the   system  down   to,  room,/ 
.temperature  ?  Why? 


'now  have   them   test   their  pre- 
dictions.     They   should  addi a 
drop  or  two  of  water,  holSfing 
the  tube   in  tihe  ^ame  manner' 
they   did   in   tne   previous  Ac- 
tivity. 


•  What  happens? 

•  ^Oould  yo*u  also  use  the 
15a        f  '  . 


COMMENTARY 
are  like  cofealt   chloride.^  * 

Some  may   respond  that  a  , change 
in  §tate--rnelt  ing--is  taking 
place.      If;;  they  do,   aSk  them 
to  re  serve"^'  judgment   until  they 
complete   the'  heating.  Other 
children^may  refer  to  the  bail- 
ing as   another  chan^^e   in  state, 
water  becoiming  a  gas.  Still 
othe*rs,   because  of  all  their 
previous   experienced,   may  assume 
that  ^ome   hydrate  bonds   ^re  bet- 
ing broken  as   heat   energy  is 
s uppl ved  to  the  system. 

In  both  the  sodium  acetate  and 
thiosulfate,   the'  contents  will 
"dry   up"   ^nd  a  white  powdery 
solid  will  remain. 

o 

Some  may   respond  that  bonded 
water  was   driven  off   from  the  ^ 
heated. tube.      (Its  contents 
also   look  more  powdery  and 
less   crystal-like.)  ,     ^  ^ 

Based  on  their  prior  experi- 
ences,  they  soul d-  'expect  that 
the   system  would  become  hpt. 
I  f  water  bonds   had  beerr^  broken 
by   the  heating,    then  as  they 
re-form,   heat   enetgy  niust  be 


given  ^ff 
will   r  i's  e 


Thus   the^  temperature 


The  system  gets 'very  ho^t, 
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No,   because  both  the  hydrated 
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TEACHING  SEQUENCE 


return  of  color'as   a  crite- 
»    srion   for   sensi'ng   the  rever-' 
sal  of  the  water  loss,  as 
with  both  cobalt  *  chlo.ride 
and  copper  sulfate? 

•  Therefore,   what   is   the  only 
evidence  to  confirm  that  the 
original   substance  was  re- 
formeci? 

for   those  'children  who  may 
l^ave  suggested  ^that  some  of 
the   sal t  ./'melt ed"  when  heat 
energy  was*  initially  added, 
ask  what  they   think  now. 


•  Was  the  heat  energy  (avail- 
able  fxom  the  Sterno)  suf- 
ficient  to  break  down  the 
\      bonds   holding   the   solid  in 
its  structure? 


Now^  focus  attention  on  the 
unheated   "control"  sysi:em. 

•  What  do  you'  predict  will 
hiappen  if  a  few  drops  of 
water   are  added  .to  this 
'test  tube? 


Have   each  child  hold  the  test 
tube '  con^taining   thk  unheated 
(hyJprate/3)    s-alt   in  the  palm 
of  ^their  hand  as   they  did  with 
the*'  heated  one.     Add  a  few 


ERLC 
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and  anhydrous   forms   of  sodium 
acetate  and  of   sodipm- thios ul- 
fate  are   color less-'-as   in  the 
case  of  epsom  sa^^s  . 

The , liberation  of  heat   energy  ' 
as   the   original  bonds-  re-formed, 
/ 


Help  them  to  recall   that  melt- 
ing jneans   that   the   bonds  hold- 
ing  the   solid  together-  are 
broken   as   the   solid  becomes 
liquid''.      Dissolving,    or  inter- 
action with  water,    can  also 
produce  a   liquid*      B'ut  they 
saw   in   Grade   5   that  "this  in- 
volves   adding  a   second  compo- 
nent,  water.  ^ 

Apparently   not.      After   all  the 
water  was   driven  off,    no  liq- 
uid remained.      It  was  all  solid 
r%e   liquid   formed  at   first  was 
probably  produced  as   the  sa.lt 
diss o'iy ed  'in   the  water  being 
releas-ed  from  the  hydrate. 
Once   the  water   left   the  system 
as   a  gas,   no  more   liquid  solu- 
tion could   form.  ^ 


Those   children  who  developed 
a   full   understanding  of  the 
experiment   as   they  added  wat^r 
to   tlj,e   dehydrated^  and  hydrajTed 
cobalt   chloride  will  respond, 
that   the  system  will  become 
cooler.      Don't   be  siirprised, 
however^,    if  you   get  a  variety 
or  responses. 

i 
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MIJ^I  SEQUENCE  I  I/Activity  4 


TEACHING  SEQUENCE 


drops  of  water  to  the  system, 
•  What   do  you  observe? 


•  Why  do  you  think  this  un- 
heated  sample  is  behaving 
so  differently? 

As   soon  as/ the   children  have 
had  time  enough  to  discuss 
their   ideas   on   the  differences 
in   the   responses   of   each  sys- 
tem,   the   concluding  discussion 
should'  develop  the  following 
understandings : 

•  a)    The   few  drops  of  water 

which  were   added  to  the 
heated' dehydrated  *salt 
formed  bonds   to   the  salt. 
As   these  bon^ds  were  form- 
ing,  heat   energy  was 
given  off.      (Since  he^t 
energy  was   absorbed  to 
break   the  bond,   when  the 
Reverse  was   taking  place, 
heat  energy  was  given 
off.) 

b)    In   the   unheated  sample, 
the  salt  had  its  water 
already  attached.  All 
that   the  water  was  doing 
vfas   in'teracting  witl)  the 
salt   to   form  a  solution. 
As   you   discuss   this   point  J 
refer  to^the  molecular  ^ 
model  diagram  which  shows 
the  attachments   to  waters 
^         In  one   instance   these  are 
all*  intact;    in  the  other 
(the  heated  sample),  the 
bonds   have  been  sifevered. 

Conclude   tjie  dJL  s  cus  s ion  by 

complecting  the  schematic  of' 

the  r  'e  a  c  1 1  o  n  s  : 

*       '  «  * 

160  '   •  .  .  . 
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Dissolving  will   take  place. 
The   test   tube  and  its  contents 
will   start   to   f^el  very   cool . 
Some   children  may  s'till  be  sur- 
prised at   this  difference. 

Encourage   the   children   to  u?e 
the   schematics   on  the  board  l^o 
justify  any  of  their  id'eas. 
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Higher 
Energy 
Level 


Lower 

Energy 

Level 


DEHYDRATED  SALt| 


Heat  Energy. 
Given  Off 


WATj;r 


SALT-WATER  SOLUTION  ^ 


Heat  Energy 
AbsorbejJ  ' 


SALT-WATER 
(bond) 


Heat  Energy 
Absorbed 


WATER 


EXTENDED  EXPERIENCES: 

1.     OfVen  children  enjoy  the  challenge  of  trying  to   find  out 

which  is    (are).,  the  hydrated  salt'(s)."     A  simple  form  of  this  ' 
game  can  be  played  with   the   hydrated  and  dehydrated  forms  of 
only,  one  substance- for   instance,   epsom  salt   {magnesium  sul- 
fate).    Set  up  several   stations   around  .tHa  room ,   some  of  which 

^^nHJ^?  f^c-o   t'^^''^  ^^^"^  previously  dri^d  by  heating   it   in  a  ' 

350   F    (   175  C)    cjven   fori^a   few  hours   as   described   in   th^  Prepara- 

^tion  for  Teaching  of  Activity  3.      If  necessary,   pulverize  the 
hydrated  epsom  salt  crystals'  in  order  to "assure  that  the   two  ' 
forms  of  the   substance  can  not  be  told  apart  on  the  basis  of 

.  their  physical  appearance.      Following  the  same  procedures  out- 
lined in  thi5  Activity,    the   children  will   find   that  the  dehy- 
drated salt  increases   in  temperature  when  a  few  drops  of  water 
^re   added  to  it,   wW£.as   the  hydrated  one  decreases  in  tempera- 
ture.     [Cautionar.y  note:     The  drugstore  variety  of  epsom  sal't 
may  be  partially  dried  out.*^    If  so",    it  will   |ive  misleading 
results  when  water  is. added.      (The   system  wili  heat  up.)  Thus- 
you  should" pretest  the  ,  Vhydrated "   crystals   to  be   sure  the  sys- 
tem cools  down  wheri  watjp^r  i§  added.      If.^he   epsom  salt  is  ob- 
tained  from  a. chemical  supply  hou^e,Ayou  should^not  enc-bunter 
this,  problem.]     A>more  elaborate  g^me  would '  involve  other  sub- 
stances,  such  a^s   calcium  chloride,   washing  soda   (one   form  of 
sodium  carbonate),   and- sodium  carbonate    (monohydrated)  .»  The 
latter  two   substances  will  both  get  warm  on  adding  water,  but  ' 
one  more  than  the  other.     why?     Washing  soda  looses  only  a  few 
attached  wAter^,    the  other  many  more.  '  Caution  the  children  riot 
to  .get  sodiujh  carbonate  on  their  hands. 

2.      The    following   is   a-  nice    tie'-in  w^th  Minisequence   I:  Cobalt 
chloride  can  be  used;  as  an  indicator  of  moisture' conditions  in 
^he   air.     Remember  tha.t  the   red   form  is   hydrated;    the  blue,   de-  ■ 
hydrated.     Place   some   red  crystals  on  a   flat 'dish  and'  observe 
them  oVer  a  period"  of   £ime.      On   standing  in  .the   room,    if  the 
humidity  IS   low,    they  jnay  start   to- lose   some  bonded  water.  The 
color  will  at   first  become  purple,   then  blue,   as  it-  loses  water-. 
Where  does   the  heat  energy  come  -from?--tHe  objects  and  con- 
tainers  ih  the  room.     The  crystals  may' change  in  "physical 
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MINISEQUENCE  II/Actiivit^  "^4 


appearance,    too:     on   "dry"   days  .of   low  rel^ive  ♦huj:nidi ty,,  theyj 
tend  to  crumble  and  form  very  small  bluish  ones    (the  dehydrated 
form).     When   it  rains,    or  €)n  very  humid  days,    the   color  may  ? 
change  Back  again  and  become  pink    (it^appears  pink,   not  red,  T 
due  to   the  powdery  nature  of   the   crystals  once  ^they  have  been 
dehydratedf.      Do n't  attempt  this   in   a  completely  dehumidified; 
air-conditioned  room.*'.  - 


ERIC 
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MINISEQUENCE  II/Activity  5 


Activity  5  /  Extendi|g  the  Model 


Tfie  concept  of  the   heat  of.:bond   formation  is  applied  "to  a  dif- 
ferent  type   of  bond   in-  this   f inal . Ac t i vi ty- 7 t he  starch-iodine 
bond.      However,    the   same   reasonin^g  applies   to  this'^eep  blue 
interaC'lAon  prodfrct  ,of   starph  and;  iodine.     Children  discover 
:  that  the  ^blue  color   disappears   if^'heat  energy   is   added  to   the  / 
,  system.     Assuming  this  might   have^  resulted  j^rom   the   breaking  of 
a  bond  between  the   two  mole^cular  \inits,,   starch  and  iddine,    the  • 
children  predict   that   if  heat  energy,  were  taken  away,    the  ^bond^ 
'  could  re-form.      Re-formation  of   the  boi^d,    they  predict,  should 
be   evidenced  by   reappearance   of   the   deep  blue  color.  Experi- 
mental  verification  of   this  prediction  reinforces   the  usefulness 
of  the  bond  mo^el   they   have  been   in t tOduc eT^- - i t   "works"  for 
'Other  bonds;  not  just  hydrate  bonds.  \  In  addition,    the  absorp- \ 
tion  and--release  of   heat   energy  cont-i'hues   to   re  inf  orce  "t he 
accountability  of  heat  ener.gy,   which  does  not  seem  to  d^s^pear, 
but   returns   asl  these   reversible   systems  return  to  their  'original 
condition.     Alfchpugh  none  of   these   ideas   can  be  put   to  th^^  test 
of  qu*antitat  ivje   verification  as  yas   thfe  water-mix   in  Grade  4, 
it  is  hbped   thkt  by   this   time  a   fai.th  xn  ^he   concept  of  conserva- 


wws^w  ^wxo    i-xuic  a   Ldx^j-ii   o-n   tne   concept   or  conserv 

tion  of  \heat   energy  as   related  to  epergy  conversions  on  the  mo- 
lecular level  will  become  ^a"  par t  ^bf -the\  child  '  s   approach  to 
events   ii^i  nature.  t  * 


MATERIALS   AND  EQUIPMENT': 


1  saucepan,    1-qt  (1-liter) 

1  box  cornstarch  \ 

1  oz*  tincture  of  iodine  '  v      .        '   "  r» 

1  pint  •  j.ar       /  ' 

.3     paper   toweis  or   1'  disk   (30-cm)   of* filter  ^aper 
t  *  . 

1     funnel,   ^approximately  6-in.    (15-cm)    in  diameter 

1     ring   stand  assembly  o£  caijdboard  box,   appro.xima  t  e  ly 
12-in:.   by  i2-in.    (30-e:m  by  30-cm)  ,   with  a  hole  cut 
in  one  side   through  which  a   funnel  can  be  supporteii 

1      laboratory  thermometer,    -20"^C  to  +110^C 
1     jar^with  screW  lid,    1-qt    (1-^'liter)  capacity 
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1     St  irr  ing '^'spoon  *  .  , 

For  -each  child:  * 

1     cup,   1-oz  ((approximately  30-inl)  ,   plastic  or  jvaxed  paper 

f  ^ 

1     thermometer,    -20^C  to  50^C  (optional) 
i     jar  or  a  test  tube  rack 
1     test  tube,    100.  mm  x   13  mm 
1     testf-tube  holder,  metal 

/     "  . 

/       1     cup  for  water  supply  ,  ' 

1     medicine  dropper  ^ 
For  each  team: 

>       1     can  Sterno,   with   al\uminum  foil   to   set  ..it  on 

PREPARATION   FOR  TEACHI^JG: 

You  will  have  to  prepare*  a  s/carch  solution  ahead  of   time.  No 
more  fhan  a  day  before  class),  '  prepare  1  quart  of  a  starch-water 
solution  by  heat  ijjfe'  l/2v,tea^snpoon  of  ^tarch   ih  a   cup  of  water. 
Heat   it  to  about  for  5   tb^  10*  minutes   and   filter.     The  fil- 

tering will   take  about  l5  minutes  because   the/filter  gradually 
becomes   clogged  with   starch,    but.  most  of  the   liquid  comes 
thraugi:/^in   the*  firs^t   few  bihutes.      The   filtrate,  c^ontaining 
the   di'^solvied  starch,   can  be  diluted  with   enough  water  to  make 
a  guar^t  of,  solution.      Test  a   small   sample  of   it   for. a  positive 
I^ST'arch  test  with   iodine.    ^Discard  the  ^e-st   sample.  Store'the 
^ear  starch  solution   in  a  quart   jar,    preferably   in  a  refriger- 
ator or  other  cool  place."  ,  '  *  ,  v 

The   iojiine   solution  'sho^4<^  be  prg^ared  by  addx^ng  10   or   12  drops 
af  tincture-of   iodine  t<^  a  pint  of  v^ter .      The   resulting  solu* 
.tion  will  he  a  light   yellow-brown.      Each  child  will   need  about 
1/2   teaspoon  of  ^this   so;lution«      If  the  -solution   stands  around 
^or  several  days,   the. iodine  will  evaporate   from   it   even  if  the 
Cjontainer   is   cohered.     All  you  need  do   in  that   case   is   add  ad- 
diitiondl  drops   of.  the  tir^ture  utitil   the  original   color  is  ob- 
tained. 


AELOCATIO-N   OF  TIME; 


^      Tfihe.  children  will  need  only  about  1  hour  to'  complete  this  Ac- 
tfivity,  '  '  ^ 
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MINISEQUENCE  II/Activity/ 


{ 


TEACHING  SEQUENCE^ 


Show  the^children 


starch  solution 


Ask 


can  recall 
such  solut 


the 

if  they 


any 
t^ns 


properties  o  f 


\ 

}  \ 

^  '\  >  ,  « 

If  cHo  child  recalls   the  spe- 
cia^jl   irttjeraction  property  with 
iodine,   place*  s'oipie  of  the 
soljution  in  a   test,  tube  and 
^dd^  a  few   drops   of   the  iodine 
solution.      It  would  also  be 
adv,isable   to   let   them  test 
son^^e  familiar   substances  with 
the^  iodine:      oatmeal,  corn- 
starch,  banana,    etc.  Evenj 
pai|er.  toweling  will   give  'the 
blUe-black   interaction  prod- 
uct! of  starch    ^nd  iodine. 


Now  .have  each   child  obtain  a 
c*ean  test   tube,  test-tube 
holder,   medicine  dropper, 
and  a  jar. 

Set  out   the   solutions  of* 
starch   and   iodine' so   that  the 
children  can   help  themselves. 


H^ve  them  place  about  two 
droppersful   of-  €he  dilute 
o    iod ine  .  solution   into  the"^ 
test  tube. 

•  .^^What  will   happen  when  the 
starch  solution   is  added? 

JEacli  child   should  take  up  a 
small  amb.unt  of   the  starch 
solution         the  other  clean 
dropper.     Then  they  , should 
add  about  2  drops  of  zhe 


COMMENTARY 


In   Grader  3  and  4  ^of  COPKS,  the 
\:hildren   had.  a  variety  of  ex- 
periences with'  starch  and'  its 
solutions.  ^Its  iateraction 
with  an   iodine  solution  was 
used  as   a   test  for   the  presence 
of^  starch  . 


The  contents  of  the*tube  will 
turn  a  deep  blue. 


A  Sterno  can  will  again 
'shared  wij:h  te^immc^te^ . 


be 


The   solutions   c^n  be^placed  at 
central   stations  or  ^u  can 
place  small  amounts  of  the 
solutions   in   1-oz  clips  (1/2 
.full)*  at  work   areas  which  4  or 
more  children   can  share. 
» 

One  medicine   dropper  shoul*d  be 
used  by   the  pair  df  children 
to   get   the   iodine.      Then  the 
other  can  be  used  to  ob^in 
the   starch  solution    (see  be-"  " 
low)  . 

They   should  expect   the  Uiquid^ 
to   turn  blue.  . 


MINISEQUENCE  II/Activity  5 


•  TEACHING  SEQUENCE 

Starch  solution  to   the  test 
tube  and  gently   swirl  the/ 
contents . 


If  the  suggestion  does  not 
coiR^from  the  class,  present 
the  hypothesis  yoursel'f  tha% 
possibly  'the  starch  and  iodine 
are  held   together  by  a  bond 
similar  to  the  bond  between 
the  solid  salts   and  water  mol- 
'  ecules   they  '^have  been  investi- 
gating.    To  assist   in  discuss- 
ing this   hypothesis   and  its 
I  •'v^implicat ions',   use  a   diagram  on 
the  board.      Draw  a  circle  to 
represent   the  starch  molecule, 
^  and  other    (smaller)  circles 
to   represent 6 the^  iodine. mol- 
ecule ( s )  . 

/ 
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An   intense   deep  blue  color  will 
form   immediately •      (The  color 
of   the  solution  may  vary  slight- 
ly  depending  on  how  much  starch 
is   present,    , This   is  not  impor- 
tant.)     If   the  deep  blue  color 
seems   "reluctant"   either  to 
form  or   to  persist,   have  them 
add  a   few  -more  drops  of  the 
starch  solution.  ^ 

Many  people  call  t:his  blue  sub- 
stance  the  ^t^arch-iodine  com- 
plex, t  If  you  wish,   use   thi's  i 
name   for   it .  ^ 


In  Grade   4,    the  children  dis- 
covered,   by  molecular  sieving, 
that   the   iodine  molecule,  in 
solution,   is  smaller  than^  the 
stajTch  molecule. 


MINISEQUENCE  II/Activity* 5 


TEACHING  SEQUENCE 


As   in  the  case  of  the  hy- 
drates/  draw   lines  represent- 
ing  the  bon^s  between   the  two 
•  kinds  of  mo±ecules. 

4  •  Assuming  the  deep  blue  "com- 
plex"  is_  the  result  of  /a 
bond  between  starch  and 
•lodme,  in<ylecules/   what  can 
you  predict  would  happen  » 
to  it  if  heat   energy  wer'e 
added? 

Ask  them  to  change  the  diagram 
to   fit   this  prediction. 


•  Would   the  color  of  this 
product  also  be  expect  to 
be  blue? 


Now  light   the   Sterno  and.  ask. 
.the   children   to  heat   the  con- 
tents Qf   the   tube  gen-tly. 


What  happens  within 
system? 


this 


As   soon  as   the^color  change  ' 
occurs/   have  them  place  the 
tubas  gently   in   the   jar  which- 
^serves  as  a. test   tube  rack. 
While  the  system   is  cooling 
down/   ask   th^m  f6r  their 
ideas  about  what   the  added 


heat  energy 


was 
I 


doing , 


COMMENTARY 


Based  on  all   their  pripr  experi] 
ence  with  hydrate  bondS/  they 
should  'expect   that  the  bond 
would  be.  broken.  * 


The  diagram  no,w  sbould  indica^te 
that  upon   the  addition  of  heat 
energy   the  bonds  are  broken  and 
starch  and  iodine^moleeules  aj?ve, 
separated. 

Not  rea'lly.     When   they  had  the 
separate  solutions/   the  starchy 
was  colorless   and  the  iodine 
alone  was   very   faint  yellow. 
The  blue   formed  only  when^  thei 
ijiterac  ted . 


^gain  be  very  careful  th 
direct  the  mouth'of  the 
away   from  anyone.  ^ 


The  color  will   start  to  fade 
-and  eventually  will  be  com- 
pletely  "bleached  out." 
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St>me  children  irfay  say   that  the 
iodine   just  boiled  away.   *  This 
is   certainly  a   rea^nable  -idea^ 
sinrcV  the  color  piroduped  whei^ 
ft  was  present  has  disappeared . 
Some   enterprising  youngster  .inay 
eventu*ally  want  to  'test^^this  ^ 
out  by  heating. some  iodine 
solution  alone   in  a   test  tube. 
I'he  iod^i^^  solution  will 
faintly  yellow  and  if.  heated 
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TEACHING  SEQUENCE 


V 


!?At   this  ^oint,   you  might  put 
a  schematic   diagram  on  the 
board  which  would  represent 
the  hypothesized  interactions 


STARCH 


IODINE 


Heat  Energy 
Absorbed 


STARCH— IODINE 
COMPLEX 


•  With  this   schematic  as  a 

focus    for   discussion,  can 
"you  predict  how  the^ blue 
color  of  the  comple3^  might 
be  re-formed? 


•  How  can  you  test   this  out? 


Have  the   children  look  ^at  the 
test  tubes  which  have  bed^fi 
standing  during   the  discus- 
sion. 

•  How  can  you  remove  still 
more  heat  energy? 


Suggest  that  they  cool  the 
test  tube  still  "further  in- 
some  cold  water, 
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for   the  same   tim^  as   they  did 
with   the   starch,   will   not  show 
much,    if  any,   evidence  of 
change'in  color.  (Eventually, 
on  prolonged  heating,   or  stand- 
ing, ,the   iod*ine  will   leave  the 
system 'and  go  off  as   a  gas  and 
the  yellow> 'color  will  disap- 
pear  .  ) 


Based  on   their^  experience  with 
hydrate  bonds,    and  since  the 
diagram  illustrates  that 
'was   the  addition  of'  heat 
gy  which  br okev  the  jDond , 
the   children  toV^ee'tha-t 
heat   energy   away  might  allow 
the  bond  to   re-form.  , 


it 

ener- ^ 
help 
taking 


Remove  heat.  ene>f^y  hy^co^oling 
the   system  and  look   for  the 
return  of   the  blue  colo?;  which 
'indicates   tl\e  bonded  complex. 


Mos  t 
and 
col^r  les^ 


tubes  will 


the^  contents 


still 
will 


be  warm 
still  be 


Some  will  s^aggest  a -cold  water 
bath,    ice,   or  even  putting  it 
in   the   refrigerator-^     All  these 
suggestions^ 


^r^  f  in4  • 


Tpey   qan  get  a  supply   from  the 
ckld  water   tap  or  a  reservoir 
of'  cold"  water  you  have  set  up 
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As   the   tubeWs   immersed   in  the 
♦cold  water  it  should  be 
swirled  about  a  bit,^ 


Many  children  will  want  to 
see   if   thes-e   changers   can  be 
repeated. 


The   concluding  discussion 
should   return   to   the  concepts 
introdtst^ed  with  hydra\e  bonds 


a) 


b) 


It  takes 
a  bond. 


^n%rgy    t?e^:4y:eak  ^ 


A  bond  can  re-forri  if  en- 
ergy can  be   removed*-*  anl3 
if   the  components  are 
present  to   form  that*^ 
bond.       .  * 


How*  does    this  interaction 
differ  from  your  expe^rience 
with  hydrates?  ^ 


•  What   inferences   can^'^ou  now 
make  about  the  heat  erreij^jfc^ 
absorbed  by  a  bond  as   it  * 


i 


MINISEQUENCE 


1 


II/Activity, 5 


COMMENTARyc;^ 


for  them. 


Very  soon,    the  deep?  l^lue  ,  color 
will   start  ^o  re turli--near  the 
walls  at   first.      Tills   may  be 
quite   a^  s urpr is i n g  ^icon f  i rma t ion 
of   the   hypothetical" 'model .  The 
diagram  can  now  be  ^^completed  as 
f ol lows  :    '  "<  ^ 


STARCH 


Heat  Er^^rgy, 
Given  Off 


TODINE 


Heat  Energy 
Ab  s  o  r  b  e  d  ^ 


STARCH«»«I0DINE 

COMPLEX 


It  can  be  r3vers^d  ai6  long  as 
the  iodine  \doesn''t  "evaporate  . 
If  it^dce^,  some  fresh 

lodme  and  toe   intense  colo/ 
of   the  "complex  wi^lJL  retjurn. 


In  the  h*yd,1ptes,    the  water 
which  waspart  of   the  bond 
left   ti^e^y s tern.      To  reverse 
the   intersection,   water  had  to 
be  added.     Here,    all  *the  'sub- 
stances  aj^  still  'in  *th'e  sys-r 
tfem;    alj.'fhey   have^vto'  do,  is  to 
take  away  Iteat  energy. 


(6 
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MINISEQUENCE^I/Activity  5 


IJEACHING  SEQUENCE 


breaks?.  Is  the 
lost  somewhere? 


heat^energy 


If  necessary,   help  the   chil-.  • 
dren  conclude   that   this  ab- 
so^'rbed  energy  is   part  of  the 
more   "energetic "  dehydrated 
salt  mo-lecules   an^  the  starch 
and  iodine'  molecules. 

•  Which  solids  had  'the  more 
energetic  molecules  jin  the 
examples  you  investigated? 


^  >! 


•  , Were-"  you  able   to  get  the 
heat  energy  back?'' 


EXTENDED  EXPERIENCE: 


COMMENTARY 


Not  really--it  .  should  be.  prese]jJ 
in  the  higher  energy  of  the.  subl 
stances   forme d . 


The   "white  vi.triol"   and'  the  blu'e 

orm  of  cobalt  chloride,  for 
instance.      In   the   case  of*the 
colorless'  salts,    i%.  co,uld  only 
be  identified   as   the  soll^  lef< 
after  heating^     When  separated, 
the^  starch  was   colorless  and  the 
Iodine  was  fellow.;-' 


Yes.     All   tTiese  examples  Were 
reversible.      Inithe   case  of 
the   dehydrated  salts^   the  orig- 
inal conditions  were  obtained 
again  if   the  water  was  put 
back.     Then  the^  heat  energy 
reappeared  as   the  bpnd  re- 
formed^     In  *j:he  casfe  of  th§ 
s  ta?'<:h-iodin;e  ,    they;  could^  not 
easily  measyre   the  .liberation 
of  heat  energy  ^as   t^e  bon^  re- 
formed,  but  'the   rel^^ase  of 
heat   energy  was  assisted  fcy 
cooling  the  system.     In  an  ex- 
tension. cJesc'Tfibed  below-r^  some 
may   act'ual^y'  b^e  ^b  1  e V 


childre'n 
to  measure 


act^ual^'Sy^ 
the  liberation^of 


heat   as   the  s tarch-Lodine  ^bo-nd 
is   formed.-     In   any  event,  these 
Ac  ti  vi.ties   sho-uld  ^have  '  provided 
'th^^.  child'ren  "with   the  idea^  that 
heat   energy  can  cause  chan^ges 
and  '  that  ^af  ter  it   iis  so  used. 


it  can 
energy 


be 
is 


recover-ed*. . 
cons  erved 


Heatf^ 

7 


\ 


ERIC 


The  fallowing  .ques tion  might  be  posed  for  those  students  who ^can 
proceed  further  with   these  rathe: 
bonds  and  heat  energy..  Assuming 

17D  ♦     '  '  .         *  ^ 


\T   abstr^ict   ideas  e^bout^  chemical 
thi^  model  corxectl^^^  describes 
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MINISEQUENCE  II/Activity.  5 


what  happens   on  t~he,  molecular  level  betveen   starch  and  iodine, 
what  can  they,  predict  would  happen, to  the ' temperature  of  a  sys-^ 
tem  when  starch  and  iodine   come  ^together  ,tQ  form  t*he  bond?  They 
have  been   learning  that  when  borfds   forih,   heWt^  energy   i's  given 
off.     Thus   the   temperature   should   increase.      An  enterprising 
youngster  who  can  handle  chemica.rs   properly   can   try   tl^e  followr 
ing:     Place  about   1  'or   2  droppe  rs  f  u  1  '  o^  tincture   of^^iodine'  (as'' 
supplied;    not   diluted)    in  a  1-oz  plastic  cup.      Insert  a  thermom-i 
eter.     The  plastic-backed,    -20^C  to  +50^C  thermometers  are  ade--'' 
^  quatfe,   ^  Be   sure   the   bulb  is   immersed    (trim  off  some'  backing  on 
th^  bottom  if  necessary)   and  read   the  'temperature.      Then  'add  1/2* 
teaspoon  of  corns  tar ch  ,powdter  and  stir.      The   temperature  will 
rise  a   few  degrees.     A  deep  blue-black   liquid  will  form  ^which 
may  be  difficult"  to  stir.      If  more   starch  is   added,    the  tempera- 
^ture  may  rise   a  bit  more  as  more  of  the  complex   is   formed,   but  * 
the  mixtuf'e  will  be  very  thick.     However,   the  increase   in  tem- 
perature ^should  be   further   con^f irma tion  of  the  model.  ' 


» 


Minisequence  III 

y       Copper:  A  Structural  Unit 

'  ■ .  .     .  '■  ^    ,  • 

is  the   inte.nt  -of  Minisequence  lir  to,  c^eveljop  culminating.. 
experience's   for  the   conceptual"  scheme ,  fstru-ctu'ral   Units  of  the 
Universe.      As   described  in   the   in t'roducltory  ma^terial,    this  scheme 
is  concerned  with  the   belief  that  the  universe  and  all  the  ob- 
jects i;ound   in  it   are 'mader'  up' of  discrete  units   of  matter.  How- 
ever,  the   number  of  truly  different   "buildirfg  blockS"  is.actuall'y 
limited.      How   far  dowh   in^'size  or  dimension  do  we  go   in  identify- 
ing  these   unit  building  blocks?  .  For   the  purposes  of   the  COPIES 
curriculum.,   it   will  be  ^th^   atom..     Although  the   term  atom  is  .nQ.t 
essential,   the   concept  of^a  more   fundamental  unit  of^^nnatter  com- 
pa^red  .with  the  molecule  will  be  introducyed  and  *  deve  loped  in  this 
sequenced  '  ■  ' 

Starting  in   the  Vfery*  early  grades   children  consideredl^the  parts 
of  which  objects   are  made.     The   first  Topic   in  Grade   3  was  de-  * 
voted  to  developing  this   idea ,   beginning  with  a  cons ider at icyi  of 
objects  whose  p*arts   could  readily  be.  seen  and  then  ^going  on  to. 
a  consideration  of  objects   where   the  parts  could  not  be*seen  ^ut 
whose  presence   could  b'e-  inferred  l?y   their  interaction  propert^ies, 

Grawde  4   the-  concept  o.f*th'e  molecule   as  a  structural  ""unit  of. 
matter  was   introduced.      Experiences,  in  Molecular  Sieving  in 
Grade  4   then   i-ntrodifced  children  to  molecules  of  differ^rvt 
sizes,    only   some^of  which  could  pass   t&rough  the  walls"  of  a 
^membrane,      In  addition   they   inferred  that  this  unit  of  matter 
waS'  the  builditig  b^lock  of!,  solids   and  of   t;h'e   g.as^s  which  co'uld 
result   from  the.  e^vapora tiibn  of   liquids;      Some  of  these  mole-^ 
cules  could  be   detefLt«d  by   their  distinct  odor  or  color.      In    J  * 
Grade  5,   the   notion  o»r\  a  structural  unit  of  matter  w^s  extended 
to  ,th'e   building  block^  of   living  systems,   the   cells   o.f  plants  ^  * 
and  animals.   •  The   coa^^'^ept  that,  a  s  true  turaP  \init  of  matter  could' 
itself  be   co mp o s e d         still   smaller  units  was   introduced  in  the 
Cell  seq^uenc"^  when  the   children  considjsred*  oomponents  .within  the 
cell.  '   •  '  ^ 

The   intent  of  the^  present  Ac tivi ti^^s  *i^  to  refocus  attention  on 
the  molecule  and  then  to  consider  'the.  more  basic  unit's  making  - 
it   up.     /{it  ho  ugh^  the  re  are   thousands  .upon**  thousands,  of  different, 
kinds  of  molecules there"  are  on^ly  slightly  ovfer   lOO  different 
kinds  df  atoms,   or 'elements,   in   the   ufftverse.   *  Combinations  of,, 
atoms,  of  these  different  Elements   joined  in  var'iious  wa.ys  make  . 
up  all  matteiir/    In"  this   case,    the  'chil<!ren  will   inves  tigateu  In 
more  detail   the   structural   u^it'  introduced  io  the  previous  Mini- 
sequence  ,^the  molecule-of  blu^  vitriol to  di^covfir^a'fundamentA 
component  of  it.  ^  '«'/..' 

WTiat  propertied  are  used  to  charac  te  rizf  ^ait  i'cular  substances?  v 


5 

'5 


/ 


•j-      The, Shape  of  crystals  are  characteristic  of  'particuVar  sub- 
stances.,   the  odor  of  -the  gas  mo^ecul  e  s  ^  the  color-0^  the  solid 

j         crystals   or  the  soluti^  ^  forms,,  and  the  melting  point  of  the 
-     .solid.     Tlie  molecules  of  k  particular   substance  tan  also  be 
characterized  by  particular  interaction  properties.     As  the 

^  ^     children   found  in   the   jirevious   Minisequence ,    blue  vitriol 

interacts  with  heat  anergy  to   release  water  rfnolecules . '  Thus 
they  have  begun  to  recognise  that  the  "molecule  of  a-par^icular 
substance  may  be  made   up  of  parts,   and  to  refcognize  that  if 

^        the  parts   are  changed,    then-  the  properties  will   also  change.' 

4        All   thfe  properties  of  a  particular   sub'stance  as   exhibited  by 

u        Its   collection  of  molecules  depend  on  the  make-up  of   that  ' 
.     molecule.      If  the  make-up  is  changed'  in  any  way,    the  properties 

,        will  cjjange,     Thus,   specific  prope'rties   can'  be  used*  to  test 

;^     for  particular  materials.  .Conversely  it -can  be  reasoned  that 

If  properties   change,   we  now  haVfe  a   different  mol  e"c\l  e--it  s  ^ 
make-up  has  been  altered  either  as   to   the  addition  o^  loss  of' 
a  component  part  or  a   change  in  'the   number  of  components:  The 
interaction  of  blue  vitriol  .with  heat  energy  resulted  in  the 
loss  of  water.     The  end  product  had   ve^y  different  properties-- ~ 
e.g.,   it  was  a  different  color    (^hite).     Thus   the  bj/fte  vitriol  -' 
must  have  molecules  of  watet  as  a  basic  component  </■  building 
block.     Without  the  wate^,    it'  is  a 'different  substZnce. 


In  Minisequehce^      I   the*  children  discover   that  bliji  vitriol 
contains,   besides  water  molecules,   units  of 'copper".  During 
another  type  of  interaction,    they  will   find  the  units  of  cop- 
per   "coming  out,"   just  as  .the  wa ter^jnizj^cyl e's  came  out  when 
..;         heat   energy  was  a.dded .     They-  wil  v^^bTervV  that  .this  resulting 
.         molecule,  also- has^  very  differ^ejHf  properties.     Using  criteria 
^  that   they  had  developed  before  to  identif,y  the  blye  vi/riol 

1         molecule,    such  as   color  and  crystal   shape,  they  will'  /ind  that'  / 
,    •     these  properties  are  no  longer   exhibited.     Without  -{he  basic' j'^  " 

.     unit  of  copper  in   it,    it   is  no  longer  blue  vitriol.     Fortuna^te-  "\ 
.\         ly,    there  are   certain  properties  which  can  be  observed  'which 
^     depend  sole-ly  on   the  atom  or  atoms  present--and  rtofctoh  the     '  '  " 

\    mo^e^ule  of  which   it  is  a  par^.    *One  of   the  properties  is  its 
flalne  spec_^tra,   which  is  exhi't^ted  by  atoms  whether  alone  or 
in  combination.     Sodi'um,   whether .,  al  one  as   the  .metal  or  Un  ' 
\    table  .salt    (sodium  chloride)   pr  ba)^ing(  soda    (sodium  bicarbonate)  , 
,     will   produce  a' brilliant  Vellow  flame  when  sprinkled  ov^r  a" 
flame.     The  yellow  is   characteristic  of   the  atom  of  sodium. 
The   same   is.  true  of  coppelf.     Whether- it   is  .free  as   a  piece 
o^  copper  metal,   or  in  blue  vitriol,  ."white"   vitriol',   or  any 
■  .-,other  copper'' salt ,   a  characteristic  green  color   is  produced,  .     "  •. 

in  a    fr?ime.      Thus    this,  property  can   be   used  as   a   te'st  .for; 
.the  presJence  of  the  coppe'r  atom, 

:,-     •J/  •  •  " 

'In  th.e-^3srst  Activity,"  "The  Shape  .of   Things,"   the  childrf\i 
are  reintroduc-ed  'to  the  property  o*f  crystal   shape  being  cAar-  - 
^.'^^^^^s^ic  °f  a  specific  subst*ance.     Their  observations   reVeal  ' 
th^  differefices  in  crystal  "sh'ape  among  substances,   as. well  as 
the  fact  that   for   a'given   substance,   whatever  the   sizp  of  its'.  . 

"  ^  .     .        ^     .        l^Z  .    '.    _  •    173         •  ' 
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cry  stals ,  •  therr   shape,  is   the  same.     The  tchildre.n  find  that,  at 
least   f or^  some   substan'ces     the   crystal   shape,  and  color  provide 
^unique  means   of   ide  n  t  irf  i  ca  fi  on .  •  •   •  ^ 

In  Activity   2,  , children  'begin  to  pursue   tl^e   components  of  blue 
vjftriol  !     What  may   i't:"^co  n  ta  rn  vOther   than  molecAiles  of  attach  e'd 
water?   /"They  'f i n d  tha^'t  when  an   iron  nai-1   is  place.d'  in  a  aolu-^*, 
tion  of  blue   vitrio!U,    cha-nge  s  t'ake^pifec  e .     An   interact  io'n  occurs 
in  which  a  pinkish^Ved  substance  appeals   and  the. blue  color  bf 
the   soluti'on  disappears.     They  are   ledNib  .the '  co^^lus  io^h  that 
the   naii  becomes   coated'  with  copper;   thk  bliie   color  of  vthe '  ; 
solution  disappears  fcecause   ^he   Qopper|%s   re^move'd  from^t.  ;Th^ 
iron  takes   the  place  of  tbe   coppsr*  a.tom:^   in  'th-^^'bLue  vitri^ 
result  ing   in   free  copper  and'  a   salt-'-iron  sulfate       A^jjwtfi'l'  of 
this   is  develoi>ed  Ijy   the  children   in  -the  next  Activlt^,   where  . 
they  also  perform  some  experiments,  designed  to   test  t-lieir  'hy- 
po;$i^ses  based  upon   tKe  model.      If   their-  c6nclusions  abou^'  tbi's 
interaG-tion  are   val  id ,  -  tlii^ '  i  ror\  nail  should  b«  losing  matter. 
This  is  veirified  when  t1iey\^  ^ijrid  a-Jbs^^of  weight  -^n  the.rtail..,- 
In  addition,    they  ace  able  \to   i-^en'tify.  iron  sulfate  «on'  the.  ^* 
'basis  of  .its   un  i  que  ^fcr^.s  tal sh-ape 'and  color  properties  ,  which, 
had  been  observed  in^ctivrtxy  1.  ..'Venif ica.t-ipn  of'i^oth  ;of  th'ese^ 
hypotheses'  strengthens   the"  val i?3i ty  or  th^ir  m'o.de  1  •  of  '  the*  - 
interaction.     Since   the  model  is-  based  crn  mol'eculeS/ ^bei^ng  'ca^^  \ 
prosed  of  subunits  of  co^er-*,cg:  of  ir'on  atoms/  vej^i'f  ication-^  ^Iscf 
Strengthens   the   concept:;:^f  the  aitom  as  a  more  'ba^dc  ,i)jai Idin-g^ 
block  of  matter.     Fuirtihefc.  r  ein^f  orcexnent  ^o:f  copper  ;a:fe:;  a '-s.txuc-^ 
'  tural  uni£^s  made  as^chi^ren  axe-'*in  tfodu\:e4'- to   the   t-e.chn  iq^ue^  ^ 
of   the   flame   test  characteristic  to  ^."^^'ch  elem'entaj"  atonS.  Usin'g' 
this  property,    they  can  -"te'st*"  'for   the^  presea^^^'o  f  ccvp'^er  irr  'a:  , 
variety  of  sub5tanci*fes  'and  fpll^qw  the  a't^rm  o  £*/cqppeX  "Vhe  ther.Vi  t  .  j 
is   attacheci  to  a   "^artaer'^  *in  a  rn'olTecule  ,oi^^  ^p^f         copper  "metal 

finally,    in  'the   last  Ac^tivity,    ti\e  'c%ildx^n  reve^^ee  .the  proce-^ 
dure  of  the  pre  ceding^  ac  tlvi  ti^s ,  *   liistead  of  removing  the  a'tom 
af   coppet-  from  a  molecule,   they  wdil'  -ipjtera^t  a'aother-  s.a'lt*  (a 
silver   ^Talt)   with  'free  copp^r/me tal  .    ^Again  t^Jie^e  yilLv^e  ^a  : 
replacement   interaction*     HoweveX/    tlVfs   tnlme  copper  a  1;oms  ':will' 
go   into^  a  molecule  and  release  ^ilve.r  atpjns.     They\synthes  ize 
a  copper   sal  t  from  the  elemexHt ;     :The .  resulti.nrg  o'bserv'ation  and 
"test"  -on  the  producfts.  confirms  'th:e]/^mpveinei),t "  o'£  the  co-pper  ^ 
atom  from  .the  irf^^Ol   into^the  molecule'l*^.'  The '  pr  ^^nc^v  o  £  copper 
as   I  structural   unit   iti   the   ndwly /formed' "^rhb^STeculQ  ."is   de,t«ct^d  , 
by  *(1)    a  •  charac  t  er  i  s  t  ic   blue  color  i'fi)  ^crys  tal>  sh^^e    (3)  th^ 
copper-  flame   test  and  '(4)   the  interaction  , properties  with  ir.an;'. 
-Thus,  ^by*  invest igat ing, ^the  now  famil;Lar  hiue  vitr^iol  molecules  r. 
furth'er   they^  have  discovered  that,  'as  uniqiieyas   it  is  by" -i-feself', 
it   is   composed  of  more   fundamental  .s  tructiura^CT"' units  *  -Besicle*s 
units  iDf  water,"    it   con,tains   units  of  copper whic.li ,  ca^  be 
identified  by  its  propertde'S*      '  •  •       *  v/ 

•  -,   ^-   ■  ■       f-'  -'      ' .' 

The  concepts  developed  in  Minisequence  III.  are  as  follows: 


1^  Some*  molecules  are  component   structural   unit^s  of  larger 
molecule^*, 

A  molecule  is'  composed  of  smaller   structural  units, of 
matter  •called  atoms. 


Certain^  physical  properties  are  characteristic  a>id  "unique 
to  a  specific  molecule,    e .  g\  ,    color  an^crystal  -shape , 

Certain  interact j.on  properties  are  unique  to  ^a  specific 
mplecule,  e.g.,  the  cha'iracteris  tic  interactions  between 
starch  a^nd  iodinejand  be<:ween   iron  and  copper  'sulfat;,e'. 

The  physical  and  interaction-  prop'erties  can  often  be  used 
to  confirm  the  presence  of  a  particular  molecule,' 

Atoms   ckn  sometimes  be   displaced  from  a  molecule  and 
replaced  by  other  atoms.  * 

The  properties  of  molecules  depend  upon   the   atoms  of 
,    which   they  are  composed;    substitution  of'a  3ingl'e  atom 
for  another  will-change   the  properties   of  a  molecule. 

Substances  containing,  %h^e   sam'e  'kind  of   atoms  as  a  com- 
ponent part  may  .exhibit  \erfcain  properties   in  common, 
such  as   flame  color  and   the  blue  ao.lor   of  hydrated  cop- 
per Jsalt^s,   based  on  ,tfee  presence  of-  this  atom,' 


MINISEQUENCE  Ill/Activity  -1 


Activity  1      iKo^hape  of  Things  w 


•  •  ♦    •  y  '   '     '  .  ' 

It^is   the   intent  of  this   series  of  Activities   to  investigate 
blue  , vitriol   fur'ther.    -  Sinc^  its   crystal   shape  will  subse- 
quently, be  used  to   signal   its  presence,    the   children  f'iirst 
are  reintroduced  to  the  tendency  of   some   substances   to  form 
crystals  whose   shape   is   chara^jferistic   of  that  sub  stance. 
Sodium  chloride  always   crystalliz^es   as  cubfes/.  no  matter  what 
i'ts  source..      Similarly,   cobalt  chloride   also   f  O/rms  *  cube  s  but 
its  cubes-  are  red.     Epsom  salt   forms  needle>li^e  crystals. 
Sodium  bicarbonate   and  iron  Sulfate   each   form  /oharacteris tic 
crystals   too.     ^  it  is  with  blue  vitriol-"it  r^qrms   blue  crys- 
tals* of  a  shape  different   from  the  other  '  sub  stanc&s  observed'.^ 
The  children   find  that  although   they  may  va^y  in  -siz^,   the  color 
and  shape  are  all   similar.      Thus   the   formation  of  this  uniquely 
colored  and  .shaped  crystal   signals,  the  presence   in   the  so'lutioji 
flrom  which  it*  came  of  the  molecules  which  .make  up  blue  ,vitriol. 
In  subsequent^  Activities,   children  w^ill  use^the   criterion  of 
crystal  J  Shape  and  color  fo  confirm^  the, presence  or  -absence  of 
pai^ticuiar  substances   in  solution. 

MAITERIALS   AITO   ?QUI PMENT  : 
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polyfoam  container,    3  qt    (3   li ter)  '  capacity ,  unlgss 
|warm  t^p  w^ter  i^  available  '  i,n  the  classroom 

•  i  '  '  *    ^  ' 

./^plastic  wrap  '     .  '  ,  * 

supply  of  the   following;   about,  1/i  cu^p  o*f  jeach'rj 

blue'vitriol    (coppef  sulfate,   hydiraJbed   fine  cjry.stals) 

solium"  chloride,'  from  several'  sources,   e.g^  "koshe-r" 
I    ^tyle,    fre6  ^ flowing'  table, variety ,    rock  salt  fHalifee, 
used  as   a  'de-icer)      \      '  .    '  ♦  ' 

epsom  salt  '       '  ' 

^  ^'     cobalt    (cobaltous)    chloride,   hydrated  ci^ystals 

iron^' ( ferrous )    sulfate  >         ,       •      .  ' 

'   ■     ,    .      \.'  • 

•ba}«.ng  soda    (sodium.  bicarhoAat^e)  '  «    '  v 

several  wid^,    squat  containers   to^^serve  as   sources  of 
chfemical  suppi^y  .  *  ^ 

^   '  "  ISo  •    -  , 


MINISEQUENCE  III/Activity 

.      y  • 

20     narrow  wooden'^'^di  spensers  s^ch  as  popsicle  sticks, 
beverage   stirrers,  etc. 

1     overhead  or  ^icropro j*ector    (optional)       v  >. 

microscopes,   40^    (optional)  ^  ' 

tweezers  ^(optionai) 
* 

For  «each  team  of   two  children: 

4  '  cups,    1-oz    Capprox,    30-^tti1>,   waxed  paper  or  plastic 

^  too'thpicks,    one   for   eaqi>  solution  made   up  , 

10   -  glasses,    "old-fashioned      '4-   t  o*  S-oz-^  capaci  ty  ,  trans- 
parent plastic,   or]  glass  slrdes 

medicine   droppers  I  '  - 


I 


i 


2 
2 
1 


magn  i  f  i e  r s 

glass  marking  pencil 
Also  have  available   for  an  optiona^l  ,t"e?'t: 
cream  of   tarta r- 
•  sugar,   s  upe  r  f^rK  *  . 


PREPARATION  FOR  TEACHING: 


ERIC 


1 


warm  water   is   not   available   from  a   tap   in  the  iilassroom,  half 
ill  the  polyfoam,  conta-ihar  with  warm  water  at   about  '40°c.  Have 
some  source  of  water   for  rTnsing  the  ^mal  1  '  cup^  becaus'e  the»chil'- 
dren  rM'ke  up-several   solutions.      If  tap  water   is  unavailable, 
provide   several  butkets   with  water  marked   rinse/No.    r  and  *rinse 
No.    "5.'  .  •  '  ^  '  ) 

For   the    first  Section,   put.  out       supply  of  bl^e  vftriol  (hy- 
drated  copp^  sulfate)    in  ape   or  two  Iqw^    squat   cantainers.  '^^ 
"Next   to   each   supply  container  place  one  or  two  popsicle  stick-s, 
beverage   s'tii^rers,   or   flattened,  straws  which  the^q^ildren  oan  • 

the  salt.      If  y^u  use   the  'sticks,  pre-maVlc 


use  to 
them  1 


measure 


cm 


solid,  as 


^ne  end   to  deli ne ate   a  "unit" 
fOM  did   ib  the   previous.  Minisequence . 
straw,  ;f latten  a   1-cm  length." 


meas  ure, 
If  you 


of  the 
use  the 


When   the   children   tak%  their   samjl^s  for 


Section   2,    identify  . 


\ 


them  by  name,   ,  (Continue  to  use   thei  term  "blue'  vitrio-1"  '  for  the 
copper  sulfate.)    ^  Place  '  the  ,di  fferent.  cheipic^als   in  differ.ent 
locations  *of   the   room  to   avoid  contamination.      If  they  are  not', 
to  be  used  .immediately ,   coveo:  'each  containet  with  som^  *Tr3>ais  t  ic 

^4 


/ 


T 


/  wrap 


MINlfEQUENCE  Ill/Activity  1 

0'- 


In  preparation   for   Section   3;   gri^d  or  j^ound  up  into  a   fine  pow- 
.der  'Some  epsom  salt*and  somg   table  salt,   and  place   these  in 
conta^^ers  marked  XI  and  X2   respective ly •    'Also  put  out  some^ 
baking  soda*  (sodium  bicarbonate).     It  need  not  be  ground 
it  is   alrea-c^  in  th^   form,  of  ,a   fine  powder.      Label   it'X3*  Grind* 
or  pound  up  the^  rock  salt  and  label  "it  Put  out  the  Kosher 

salto;   which  is   in  the   form  of  coarse  grills, ,^nd  la'bel   it  x'5 


s  ince 


ALLOCATION   OF  TIME; 

^boiit  1-1/2  hours  will  be  necessary  tor  th 
over  a  period  pf  3   to  4  da 


n^c 


is  hjtiv^y  , 


spread 


TEACHING^SEQUENCE 

/  ■.   '  * 

1.     Put  ^ome  c/f  the, blue  vit-, 
"-^iol  crystals /in  a  " t ranspar ent 

container  and  show  them  to  the 
'iEhildren.  .  ^Ask  \^hat  they  have 
•fotind  out  about  this  sulDStance, 
^Havefthem  briefly  ^review  their 
'.findings.    "     •  * 


r 


Whajf  will^  happen 
is'idded^Jio  this 


if  N^^a^ar* 
substaivce? 


r 

lis' 


\ 


COMMENTARY' 


There 
minds 


should^ 
of  'the 


be "no  doubt 
Chi  1  dreiJib  as 


substance   you  are   di-splay ing* 

tea:  the  extensive  investiga- 
tior^s  'they  have  com'pl^&^d^d 


The  extent 
of  q^urse; 


will 


of  this 

depend  upon  the  time 
e-laf^S^d*  since  the   cfiiX^ren  com- 
pletes Minisequence  il\^ 
sure'  they^4^c  lude'^such  obs^^Irva- 
tions  3s 

.  I'  . 

Add/in g  heat  energy^  dfrove 
pfiwater  irom  the  l^lue 
crystals   ana.  resulted*  in 
a  changj^.  f^tp-^cit^'r   t(f  wl^te*. 


2") 


'Upon  coolin 
blue'  crys ta 
when  wate 
t(p^  the   deyh^dra te'd^ 


the  ^iginal 
s  were  obtained 
as  added  b^^ 


sal  t  < 


3)  ^Reversibility 
^heat  ener^'gV*  V, 


,s  ac-co^mi 
lase  rof  ♦ 


V 


/ 

r 

I 


Based  on   theif'  expeij^ence  in 
Activity   4,  of  Minisequence  11- 
t|iey  shouljd« 'e^pect^a  blue  salu- 
tion  to  *ba<\  formed.'     (Also  'the 
SQlution/will   cool  .down,  but 


-IS}' 


MINISEQUENCB  I  II/A»ctivi'^y  1 


fpACHING  SEQUENCE 


Each  te/m  should  now  get  its 
equipment  /to  prepare   the  solu- 
tion.     This    should  include: 

/I     l-Zoi  cup 

1  medicfne  dr o ppfe r 
a  polyfoam  cuf) 
sev.eral   toothpicks'"  * 

2  magni  f i  ers 

\.  ' 

One  member  of  the  team  should 
go   to  the  -chemical  supply  and 
place  twp  tjieasures  pf   the  blue 
vitriol*  in  one  of   the  1-oz 
cups.     Then   they   should'  half- 
fill  th©  polyfoam  cup  with  ' 
warr\  water 


Have  them  add  two  droppersful 
of"  water   to   tire  sample.^ 


r 


•  What  do  you  observe   as,  the 
.water   is  added?  *" 


COMMENTARY 


V 

per.haps   not  perceptibly   in  this 
"case^^as  heat  energy   is  ab-  ^ 
sorbed . ) 


Agafn,   a>"unit"  measure  of 

salt  will  be   that  amount  ^  

be  picked,  up  on  the  \  " 
cm)    endvof   the  wooden 


which  can 
marked  (1 
dispenser 


2 


,Warm  water   i'^s   suggested  to 
enstire  maximum   solubility  .in^ 
a  9*hort   t'iirie   for  some  of  the 
salts  to  be  usefl  later. 


\  dropperful   is   that  amount 
vrii'cb^  can  fill  'the  dropper 
tube   to,  a  maxiuum  after  ^the  * 
a^t^:   is   completely  ■  expeiTed^ . 
from  the^  rtfbb^r  bulb  and*  th« 
tube   is   inser€l5d   in  the  Wpiter. 
With   this   technique,  liqi^id 
goes  'up   the  dtopper^- tube  about 
half-w^ay.  ,  Ordinary  droppers  1^' 
then  will  deliver  ^about  1/2 
teaspbon  of   1 iquid ;     If  your 
dropper\^   have  a  di f f eren^t 
^oap^city ,    ad j us t  the  number 
^of  .drt>p>pers  f  u'l   you   tell  the 
children   to ^^kfed  so   that  %^ey 
add/"a   total  of  about   1/2  ^tea- 
spd'on  cs£  water.     Yo'u.ifiay  wish 
to  t^ye   the  children/add  the- 
1/2  ^teaspoon  of  water  with-a'; 
measuring  spoon. 

Th/k  blue  vitriol^  will  starts  ,to 
form\  a  'blue  'so  lut  i*bn.  ^as  -  i-t  ijj- 
te'ract:s'' with^the  water.     '  — 
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MINI SEQUENCE  Ill/Activity  1 


ERIC 


TEACHING  SEQUENCE 


toothpick   to  stir  the   solu- ^ 
tion.     ASj  they  observe  'the 
blue  liquid,^  ask  wl^t  thqy 
believe  are  the  units  of  mat- 
ter  in  the  solution. 

^  :  <  ■ 

^  •  In  addition  to  the  separate 
water  molecules,   what   is  in 
the   solution?     Do  you  think 
the  V^erymolecules  attached 
to  the^Blue   vitriol  remain 
attached   in   soliition  with 
water?       .  ' 

The  blue  solutiop,   baseti  on 
-Jt-hjeir  present   experiences,  'is  ^ 
probably  cfomposed  of  molecules 

water  and  pf  hydrated  blue 
v^tr  iol  . 

-c 

•  ,What  wpuld  happen  «  yo^u 
det  the  water  eyaporate  from 
"tjp.ds  solutioYi?  ' 

•  What  do  th^V   think  the  crys- 
tals will  look  liJce? 


Now  have  the,  teams  obtain'a 
surface  on  Which  they  c^n  > 
place'  these   solutions   so  thait^ 
the  crystals   cap  form  and  then 
.can  be  ^readily  observed.  One 
surface  could  b,e  transparent  \ 
plastic  glasses  toirned  up  side 
^down.y   They  should'  pourf.the' 
solution  onto   the   inverted  '  '  ''^ 
bottom  surface   and   set  it'^ 
aside  to  evaporate. 


COMMENTARY 


For  one  thing  there  are  units' 
of^water,   or  water  molecules.' 


Help"*them  qome   to  a  '^realizat ion 
that  hydrated' molecules  of  blue 
•  vi^triol*  are  present.     The  fact 
that   the   solution   is  blue 
indicate  that  the 
are   not  broken . 


hydrate 


would 
bonds 


.  They' should   expect-the  blue 

cr-ystals  to'  reappear  when  the 
^ w^ater   "dries   up  .  " 


Those   who  may  ha.ve  observed 
som'e  af  the   "b»etter"  crystals- 
pay  be  able   to  predict  that  ^ 
'the- edges  will   come  together 
at  a n g les  other  (than  tfiose  in, 
a  squ.are .     ^ome   Children  may 
remember  their  observations  of • 
blue   vitriol   crystals   in  th^e^* 
prejce^ding   sfequamce  but'they^. 
may  not  neces^Trily  expec/tf  the 
^am^  sor€'of^  crystals  to  appear^ 
after   evaporation . 


Manyf  so-called  ,"old-f ashioned" 
gla^sesN^mVde  of  plastic  (sold 
in  bulk,  for  parties)    have  a* 
small   elevated   rim  around   the  * 
bottom.   .  This  rim  will  retain 
,the   solution.  •  Glass  'slides; 
plas^tic  transparent  dishes,  . 
.etc.,   can  substiti^^te  .f or  the 
upside   down  glasses,  ^ut   if  the 


\ 
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I8d 


MIMISEQUENCE  Ill/Activity  1 


TEACHI^IG  SEQUENCE 


COMMENTARY 


£3 


dish   is   too  deep,   the'  children 
may   find  it  difficult   tb  ob- 
serve the   crystals  with'the 
highest  magni  f  i  c'a   ion  of  thei"r 
ha^ni  ;Lenses  unLess  they  -lopl^''^ 
through   the  bottom. 


X 


^Diamond-shaped  bltie   cry's  tal s  , 
like  those   in  the  illii'stra- 
tion,   may  appear  overnight. 
They  will   varyy  in^  si-^e,  of 
course,   but   their  shape  will 
be   the  sairfe  as   those  observed 
earlier.      (Ask   the  children 
to   obsert>'e  ,the  angles  where 
the   sides  of   the  crystals'  ^ 
meet.      Even^when  "crystals  are 
elongated,   broken*,   or -.imper- 
fect,   these  characteristic 
angles-rto^^ther  with  other 
properties  of   the  solid  such 
as   color--can- be  used  to 
identify  a  substancer.)  • 


Now 


ask  the  teams  to  cbmpare 
They  s'^hould 
tha.t  in  all  cases  the 
blue  vitriol  formed  the  same 
sliape  crystals. 


J:heir  crystals 
not  i  Ce 


/ 


If  the  children  will.'not  have 
the  opportunity  ;to   vi^ew  the 
crystals   i^mm^diately ,   t^ey  can 
s  1  o  vA»'dx>wn.  >t  lir#  ''^  v;apo  r  a  t  i  ng .  .p  ro  - 
cess  by"  pla<?.ing  a  thin  c6ver 
ovei?,   bub'nbt  touching,  the 
st>lution.     This  could  be  an-* 
other   glares   nested  oil  the 
first. *  ,i 

When  they  ^e   finishe^d,  they 
should  rinse  out  t.he-  small      -  . 
cup  so   it  can  be/used  to  make 
oth^r   solutions  as   dife scribed^** 
be  low In  rlfcS^ing  ,   b6  sure 
none  of  th^  blue,  sol^t ion  'come s 
in  contact  with  'the  skin. 

ISO.'  ■     '  ■  • 
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MINISEQUENCE  I I I/Activity , 1 


TEACHING  SEQUENCE 


2.  Do  all  substances  crystal- 
lize irt  the  same  wa^? 


ERIC 


.  ff^ve   tHe   tea^S-  tegjeat'  ^he  ^sa^me> 
procedijrre  with  the   four  otlier 
suBsi:arVces  *^u*t  out.     Into  each 
of  the   1-oz  ciipS/    the^  team  « 
^should  pxyt   2  measures  bf  ^ab'le 
saxLt,  ^©psoitr  salt',-  ferrous   sul-  : 
fa^te,   ^nd   the  cobalt^  chioride , 
Thfen  add   two  dropp'ersful  of  *  * 
warm ^water   to  each  salt.  Us- 
in'g  a   fresh  toothpick   for  each 
solution,  ^stir  until  all  ^the' 
solid  is   dissolved.  " 


Once   the  solutions  are  made, 
}  have   the  children  pour  tKem 
onto  ^he  bottpm  surfaces,  of 
four  more  cups,   identify  them, 

182        *        "  ' 


COMMENTARY 


The  blue  vitriol  crystals 
should  be  saved  fdr  later  com- 
parison with  others.  ^ 

Before  beginning  Section   2 ,  ^pu*t 
out  additional  supplies  Vf 
evaporating  glasses,  toothpicks, 
and   l-oz  cups.      (If   the  chil- 
dren wil'l  be  usin^  the  s dtKT  s 
cups   to  make  jnore   than  ^on^t^ 
solution,   they  mus^  r-ipse  'them 
very  thprou'^'hly  'in  bebween.) 
APso"  set  'o^ut  the  ^supplies  of 
table   saltis,  cobalt  chloride-, 
ferrous  sulfate,   and  epsom 
salt.  '  '  ' 


The  fhildr-en's  pr io^\eXpe/ience 
may  help  them  to.  answ\^>^his. 
in  Grade   3  ,   Mdniseque'iTce*'  I  ^of 
COPES/    children   f^rm^d  solutions 
in  water  with  several  diffe'rent 
substances  and/wet^e  encouraged 
to  allow  the  crystals   to  re- 
form as  evidence   that  the  sub- 
stance.was  still  present,  al- 
though t^e  solid,  particles  ^ 
could  no  (longer  b^  seen  0nce* 
a  solution  ^wa.$  fo^fned*,  -.ijiey 
alS9  observed  the^crystals  of, 
different  substances  in  Mini- 
s equense  -11^'... 


The  -^^hlldlren  shoul^Q  not^tpuch, 
thdse  sub^tan^ces  vjith  i:heir 
ha,;ids,   no^  otherwise  get  any  ' 
of   them  on  thei'r  s^in,  ei'ther** 
in   the  dry  form  oir^in  §olutio^' 
They  should  also  be  warned  not' 
€o   taste  phemicals   such* as 
these .       w  f  \y 


191- 


MINISEQUENCE  riI/A.ctivity  1  ' 


TEACHING  SEQUENCE 


and  set  them  aside  'to  dry 
where  the  solutions  wilij.  not 
be  'dis t^urbed*.    *  > 


•  Now  that 
made  up^ 


t^he  solutions   are  ^ 
could  y-ou*tell 
which  soLution  is  which  if 
you  don't  have   the-  jdenti- 
ficdt;ion?       '  •        '  . 


3.      Have   the  ^children  retrieve 
their  cups  and  objsiar ve  -  the 
crystals.     They  $hould*  looJc  .  1 
at  the  crystals  With  all  three 
powers  of  the^ir  hand  lenses. 
You  mignt   suggest  that^hey 
'sketch  the  ^^i^fferent  kAdjs 


Are  all 


the 


crystals  alike? 


«  ) 


Ask   the   children  to  re^ort.^on 
khe   shape  of  the/table  sa^lt 
(sodium  chl^ri^e)  crystal^%- 


.  COMMENTARY 


ERLC 


Th^   cobalt  chloride   forms  a  .red 
^  solution  r  and  the   iran  sulfate 

a  yellowish  on,e But  the^^^Solu-^ 
.  tions  of  tabie  salt  aad  of  ' 

e"£)Som^  salt*  are  both  bolorLess 

and  *cannot  ^be  dist  irvgtiished  • 

In  a  day  of  two ,  ^  cry^a-ls 
should  appear  in  all  solut.ion^. 
^The*  time  wj.ll  depend  on  the 
temperature   and  humidity  ccfn- 
ditionfe  iofi  the  area  where  t-he 
solutions  were  placed'.  ^Also; 
if   the  solutions  were  placed 
in 'a  deep,.jy;essel  ,   i?t  mi^ht  take 
longer   for  crystals^  to  be 
formed .        '        ,  *  .  •  ^  »i 

Some   children  may  be  qui'te 
f^s^irfated  by  the   dif fer^jit'     ^  ^ 
shapes  of  the  cr.ystals.  If 
4'OX  microscopes^  are  ^vail'able,^ 
*they  can^  observe   one  or  X'wo 
ofi  each  kijj^  ,of  crystal  on  a 
dry\slide  •     Twe'^'zers   should  ^b/e  * 
used  to  shift  the  ^c;:yst^al^ t6 / 
trie-  slide  .V     *       **  *  . 

All   crystals   fq^me^  Xrom  the  ■ 
ir,on  suHEate  ^pli>tion  afre  V^l- 
idw  in  Golorf  a,!!  fcip^stals  ^f*r6m 
the  •  cobalH:  chlolMd,^  soTut.ion/> 
^are»red.;   ahe  others  ^^^jm^f^^" 
less.     The  shapes  of  tlimSrys- 
tcTls  al-so  vary  froTrtv  one  sub- 
stance.^ to'  a,n other  .  { 

All^  or  almos-t  ^11,   will  have 
formed  sijiple  cubic  shapes. 
(Opcasionaily  S9dium  chloride 
will   crystallize  as  ac t ahfedra  . ) 
The   faces  of  ^he  rubes  meet^at. 
rirght    (90^)  . angles. you'  \ 
have  an  overhead^  or  micro-  />' 
projector/  you  might   fin^  it  * 

of   the  '  - 
(sodium  • 

^  183  . 


useful  to  project  some 
crystals ^of  table  salt 


r 


MINISEQUENCET  Ill/Activity  1 


TEACH ING^SEQUENCE 


Are  all  the  crystals  ^the 
same • size? 


ERLC 


•  Is  >there  any  other  salt 
'Which   formed  the  ^ame 
shape? 

Similarly,   have   them  de<3cribe 
the   crystals   of   epsom  salt. 
How  do   they  compare? 


If  you  were   shown   these  two 
colorless   crystals,  could 
j^ou  tell  which  was  epsom 
salt  and  which   taj3*le  salt? 

What  do  the  crystals  of 
iron  sulfate   look  like? 


Now  have   them  retrieve  the 
crysta^ls    formed   from  blue 
vitriol.      Are   they   in  any 
way   similar   to   the  >fcthers?- 


If  you   had  very,   very  tiny* 
pieces   of   table  salt^and 
blue   vitriol,   what   do  you 
think  'would  be   their  shape? 


Have  them  "set  the  crystals 
qiside  for  us^  in  later  Ac- 
tivities . 

184 


COMMENTARY 


chloride)  from  diff.er^nt  ^'ams 
to  emphasize  the  uniformit-^  of 
shape. 

No.      Depending  on  several  fac- 
tors,   such   as   speed  of  evapora- 
tion *and  the   presen<!:e  ot  nuclei 
around  which   crystals  can 
"grow,"   some   children  may  get 
many  small   crystals,    some, a  few 
large  ones.      TKe,  shape,  how^- 
eve»r,    is   that  of  a  cube. 

The   cobalt   chloride  also  crys- 
tallizes  in   cubes;    but  these 
cubes  are   red .  >  ♦ 

^hese  are  not   cubes;    they  form 
needlelike  'crystals  which  ap- 
pear to  radiate  out   ftom  a 
cor e .  ^ 

From  the   shape-- the  cubes 
would  be  table  salt. 


They  are  yellow  and,    as  "in 
the   case  of   the  other'  sub.-  * 
stances ,   are   all  of  one  char- 
acteristic shape. 

Only   in  tl\a t   they   seem  to  have 
a  selt  shape ;    some   small   ones  , 
some   larger.      Help  the  children 
see   that,   whether  small  or 
largTe,    the   same  general  geo- 
metric  shape   is   repeate'd.  * 
Again,    th'e  , overhead  or  micro- 
projector  can  be  used. 

The   discussion   should   lead  to* 
"the   idea  that   even   in  y^ry  tiny 
pieces   of  »a   sub.stance,    the  mole- 
cules might  be  arranged   in, such 
a  pattern  as   to  produce  their 
characteristic  shapes. 

If  ,the   air   is   very  dry,  you 
rrtight   consid'er  cove^ring  them 
wit"h  plastic  wrap-'  to  prevent. 
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MINISEQUENCE  IIl/Activity  1 


TEACHING  SEQUENCE 


3,  Show  the  five  white  sub- 
stances  to   the  children/' 

•  How  could  you   t^ll  which  ; 
•mi^ght  be   sodium  chloride 
and  which   epsom  salt? 


Now  let   the  steams  proceed^'to 
determine  which  are  sodium 
chloride   and  which  epsom  salt 
by   the   shape  of   the  crystals 
formed  on   evaporation.  First, 
of  .  course  ,    they  mv;st  prepare 
solutions.      Advise  the^m  to 
take   the   same   ratios  of  salt 
to  water   they  used  Earlier 
(2   measur-es  of. solid  and  2 
droppersful  of  watfer) ,  The 
evaporating   glasses,  of 
course,   will   need  to  be 
labeled  with   the-  identifying 
number   in   each  case.  Glass 
marking  pencvils   can   be"  used 
for  this  purpose. 


er|c 


.COMMENTAJ^Y 


the,  known  hydrates    from  dr.ying'. 
Also,    if   it   is   very  humid, 'sub- 
stances  Irke  cobalt   chle>r Ma 
may  pick  up  moistur-e   and  become 
"wet.-"  " 

t 

Before  proceedin^g  wi£h   the  next 
Section,   be   sure'  the  cups  in 
which^  the   children  prepared  the 
solu,tions   are*  rinsed   to  prevent 
contarfiination.      Pu't   out  the 
different   ground-up   samples  of 
sodium  chLcride,    epsom  salt^ 
«and  baking   soda    (sodium  b'icar-' 
bonate)    marked  X,l ,   X2  I'  etc., 
as   described   in  Preparation 
for  Teachin^g,    and, additional  ^' 
evaporating   glasses   and  tooth- 
pi  ck  s  . 

1 


By   this    time,    some  children 
will   surely   suggest  making^  up 
a   solution   and   finding  out  what 
shape   Crystals  will  form.. 


If   thexe   is-  any  material  which 
does   not   dissolve    (e.g.,  im- 
purities   in   rock   salt),    have  f 
them^  fil-t^r  the   small  amount^ 
of   solution.      This   can  be' done 
by^  cutting  out   a   3  cm  by"  3  cnr 

•  square   of  paper   toweling,  'fqldr 
ing   it    in'^four   par/ts  ,  'opening.  * 
up  one   section   to   form  a  cqn^, 
^and   setting   it   in  one  of  the 
small   l-'oz   cups.     &our  the  • 
solution   to  be   f  i;Ltered'  t;hrough 
the   cone   and  c-atph\the.  filtrate 
in   a   clean   cup.  '  The  solution 

,  will   now  be^'pl^ear ;      Of  course 
if  you  ha've  /'regular   small^, fun- 
nels  and   filter  ^aper,  use 
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MINISEQUPNCE  Ill/Activity  1  ^ 


TEACHING  SEQUENCE 


On  examinj^jj^-^he   crystals  the 
childr^l^  will    find  that  cubes 
^^J:i.a^ e   formed  on   the  glasses 
"  marked  X2,    X4  ,    and  X5  and 

will   probably  have  identified 
them  as   sodium  chloride.  They- 
will   have   found  the  needles 
characteristic  of  epsom  salt 
on  XI,     They  may  be  puzzled 
by  the   differ^ent   looking  crys- 
tals  on   X3  . 


Confirm  that   the   solids  X2; 
X4  and  X5  are  all   really, sodi- 
um chloride,    but*  in  differe/t 
forms ,    some  purer   than  'others , 
Show   them  the   container's  Y^,'"* 
table  salt,    rock   salt  and 
Kosher  salt  'from  which'*y*ou' 
prepared  the,  su^pl*y.  Help 
the   children   to   see   that  .since 
the   three   solids   are'  really 
the   same   substance,   they  ex-. 
Jhibit   the   same  properties, 
characteristic  of^  sodium 
chloride.*     dne  of   those  prop- 
erties  is   crystal  shape, 

•  What  other  properti. 
the  same?  ' 


es  are 


Relating  .this   experience  to 
the  other   salts   they  crystal- 
^lized,'  would  blue  vitriol 
always   form* blue  crystals 
with   these   oblique  angles? 
Would   the   cobalt  chloride 
always  .fortji  red  cubes,? 

V7  r 
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them,  but 
the  pa^er 


cut  down  t^e   size  o'f 
to  accommoda t e  the 
small  amount  of   solution.  , 

See   if  tvhey   realize   that,  on** 
the  b^&is   of  crystal   s\ape  ,  X3 
is   ne  i  th^  r   sodium,  chloride  nor 
epsom  salt,     ^f  you  wish,  Jbell 
m  that   the  material  is»bak- 
ing   soda^  (sodium  bicarbonat ej  , 
Alternatively,    tell   them  it'  is 
one  of  the   following  three: 
sugar,   baking  soda  or  cream  of 
tartar  and  ask  them  to  figure 
out  a  way   to   identify   it, '  Re- 
member that  cream  of   tartar  is 
only   very   slightly   soluble  in 
water  ,  ' 


Can  they   tell  which  were  purer 
and  which  rTess . pure?  (cloud- 
iness ,    etcS  ,  ) 


Taste,   color,   hardnessj^  etc  * 


Yes--the   same   substance^  always 
forms   the   same   shaped  crystals, 
'in   subse^quent  Activities  in 
this   Mini  sequence ,    the  children* 
will   use«the  property  of  crys-^ 
\tal   shape   to   identify  t-he  pres- 
ence  in  a   solution  of  a  par- 
tjjbular  salt,   or  conversely  -if 
^  they  don't  obtain  characteris- 
jtic  oirystals,*  they  can  in^er 
j^hat   the.  particular   salt'  is 
not  a  component  of   the  sol\i- 
't'ion.     Crystal   shape,  is  one 
\ 
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MINISEQUENCE  Ill/Activity  1 


TEACHING  SEQUENCE 


The    concludin'g  discussion 
should  center  about   the  ideas 
1)    th^t  different  ^ubstance-s 
may   form  very  different  shaped 
crystals ; ^2)    that   no  matter 
'What   the   source,  ,if   it   is  the 
same   substance,    the  same 
shk^ped  cryst*al  will'  form.  . 


COMMENTARY 


criterion   for   inferring  the 
presence   of   a  particular  saLt. 


EXTENDED)  EXPERIENCES 


1.  Bdth 
the  same 

colorless   and  the 
istic  of  chlorides? 


cobalt   chloride   and  the   sodium  chloride   seem  to   have  • 
type  of  patterned   st ructure  —  cubes-r-eve-n  though  one  is 
other' red.-     Is  ^his   crystal   shape  character- 
On   the  basis   of  but   two   salts,   the  children 


have   too   little  evidence   to  generalize.      If  possible,'   let  them' 
work  with   some  potassium  chloride    (a   "salt   substitute").  It 
too  will   form   cubic   crystals.      But   in   an  Optional   extension  of 
a  subsequent  Activity,    they  will   discover   that   copper  chloride^ 
does   not  c**ry s t ai  1 1 Ln  cubes! 

2.  Some   children  may-  Ipe   interested   in  growing   larger  crystals. 
They   can  ^ake   saturated   solutions   of   the   particular,  s'^lt  by 
dissolving  as   much  of   the   salt   as  they. can   at   a  warm  tempera- 
turecoo  1  i  rvg   the   solution   to   room  temperature,    and  filtering 

^'off  any  excess   solid  whi-^ch  may   farm.     Then  place^it  in  a   cup  ' 
and   insert  one  of   the   smk)^   "peff  ect " .  cry s t^ls   from  their  ex- 
periment.'   This   so-called   "seed"   crystal  must  have  well-defined 
sides   and|  angles,    'it    should   then   "grow"    into   a   larger  one. 
ThJ.s   procedure  works   well   for   the  blue,  vitriol  .  excellent 
reference   on   thit   subject   is  .Crystals   and  Crystal  browing  by 
Holjj^en  and   Singer,    Doubleday^,    3^960.  '  . 

3.  To   reinforce   the   concept  of  orderly  patter-ned   structure, in  , 
these  different   crystals,   you   can  demonstrate   t he ^ pro ces s •  o^ 
crystallization  with   the   aid  of   the  overhead  or  micr'opro  j  ector\ 
It  Ls   recommended   that  you   try  out   thi s , procedure  before  ^ou 
plan   to  do   it   in, class:      Take   some. saturated   solution  of   a  salt^ 

'  and  place    it  on   a   sTide  or   a   flat   transparent  .dish.    'If   the  F\eat 
shield  is   removed   from  the  pro j ec t or ,  * cry s t al 1 i zat ion  may  start 
quickly  at   the  edges.      If  not,   place^  a   "  seed" ,  crystal   in   it.,i  / 
The    spread  of   the   orderly  pattern   can  be   quite   exciting^ to  the 
children,    particularly  When   viewed*  in   a.  darkened  ^  room''  T^is 
process   is   similar  to   solidification   from  a  itlelfc    ( se  e  G^a  de\4  , 
Minisequence   V,   Activity  4).'    ,  •  ^ 


\ 
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MXNISEduENCE  IIl/Ac.|:iv\ty  2 


7 


Activrty  2      Los^  of  the  Blue 


I,n  Minisequence   II   the   children   founcj   that  blue   vitrio]^  lo-s-t 
its   color  as   heat  energy  Was  added..    This  .loss   ih'color^   4:hey\  * 
found,   was   associated  witl'i   the   remo  v,a  r  6  f  *  wa  t  er*  mod  e  c\il  e  s  from 
the    solid.      Thus   th.ey   cou/ld   infer   that  a   solid   crystal   of  blue 
vi»triol    cpntainecj  units*  of  water.      Now  they  -wiij'  dispo'ver.  that 
when  a   solution  of  blue,  vitriol   comes   into   contabt  wi'fh.  iron 
(m   the   form  of   steel  wool  or  a   cotumoR  nai/L),*the  i>lue' color 
also   "disappears."     Because   this   o^ccurs'  in   the  pre's^n'ce   of  a 
water  solution,    it  cannot  be   associated  with\he   removal  of 
water  units.      Accompanying   the   loss    in-color   is   the  appeara'nce 
of  ^  new.  material  'coating  both   the   steel  wool   and  th'e  nai^l.  * 
After  finding   that,  the  pinkish   coating   is   not   rOst,    the  ckil-* 
dren   are   led  'to*the   idea   that*  this   coating  migiit  ^be    cdp|)er . 
Comparison  witl?  pieces  of  copper  metal   r e inf or ce s/ t h i s  idea.' 
The    inference   that  the  copper  came   from  the  blue  vitripl  is 
based  on   their  observations    that   1)  'as'  the   coat4ng   called  / 
"copper'J   appears,    the   blue  co'lor   fa<i*es,*  and  2)    once   the  solii- 
tion   is*^no   longer  bl^e ,    interaction  with   an   iron  nail  produces 
Tfo  coat  i  ng .      ,  ^ 


MA-TERIALS    AND  EQUIPMENT: 


A-^    pblyfoamcontainer,    3qt*(3.  liter) 

1     pint  white  virregar,    hpusehold  vatiety 

several  1/2' teaspoon  measures^  (standard  plastic  tea- 
spooiis  bcfuglf^:   in  packages  have   this  capacity) 

a   supply  of  blue   vitriol    ( copper,  sul f ate hydra  ted 
fin-e   crystals)'  about   1   cup  » 
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1     overhead  or  micro projector    (optional)  ^ 


'String, 

1 igh t  laundry 

several 

magnet's 

several 

scissors 

several 

rusty  .obj.ects 

several  shi.ny  objects 
p^enny^-  wire',   pot",  'etc 

'  s  ,   e  fe  c  .N 


'  ^  MINISEQUENQE  Ill/Activity  2 


For-  eacri*  tearm  of,  two:  /•  * 

•       ■  '  1  ' 

4      (or  mor.e)    test  tubes,    100  mm  x  13  mm  >        •  ■ 

1  .cork,    t(g   fit   the   test   tubes  -  - 

several  pieces  of   fine  steel  wool  *     .  . 

4     or  more   iron   na-ils,    2    in.    (5   cm)    lon^,    bright  common 
.variety         '  N '  *        '       i  - 

<-»  ' 

;        2     1-02    (approx,    30;jjnl)    cups,   waxed  paper  or  plastic,  0£ 
3p-ml  beak^ers 

toothpicks,   to   serve  as  stirrers 
STna  llpiece^ofwhitepaper 
paper   toweling  y     "      '  * 

magnifier 
r     cup,  6-to8-o2 


^     jar   to   serve  tes  t- tube,  rack   substitute,  e.g 

baby-food  jar 

J  ■       '■   ■  . 

PREPARATION    FOR  -TEACHING,:  *  '  ^  ^ 

Half   fill  the  poiyfoam  cpntain'er  wi'th  w^r,^  tap.  water    (40°C)  to 
be  used  by  the  ch  i  Idr  e  i) '«a's   their  ^water   supply.      Set  \;p  several 
stations    ( to  •  ^>i  n  im  i  ze    tra^ffic)    wh^re   children   can  6bta»in  sam- 
ples  of   the  briue   vitriol   crystals,      Cpver   the   containers  with 
plastic 'yrap  when   not   in   use.      Next  to  each  chemical  supply 
p'lace   several  •  marked   sticks  or   s*traw  subs,titutes   to  be  used 
f6^   the   "unit"  measures.      In   addition,   put  but   several   1/2  tea- 
spoon me^Suj^es.     The  commonly  available  plastic   spoons  bought 
fdr  picnics   can   substitute   for   the   1/2   teaspoon  measure.  Their 
capacity   is   us'ually.the   saprte.       -  c 

Ordinary  white  vinegar   can  be   diluted  with  an  equal  amount  of 
water. for  th^  vinegar   dip.      (See.pag^  192.)      Put   the   dilute  solu- 
tion out,    along  with  addi  t  ional'  test   tubes  wh^n   the   ch^ildren  are- 
ready   to   start  Section   2.*    Put  out»  the   string  and  scissors  where 
children  can  hav^   easy. 'access   to  them. 

allocatio'n 

A*bDut   2    to\3   hours   wi  l^^e^xlieeded  fpr   this  Ac  t  iv  i  ty     extended  , 
over'a  perio< 


MINISEQUENCE  III/Activity *  2 


TEACHING  SEQUEI^CE  ' 

1.    ,Show  the   supply  of  blue 
vitriol%crys tals   to  the  chil- 
dr^nX    Ask  what   they  kqow 
*al^^3ut]  the^  properties   of  this 
subs  tance  '  * 


What  did  you  find  was  an 
essential   "unit"   in  these 
blue  vitriol  crystals? 


•  What  evidence  did  you  have 
that;  water  'molecules  are 
essential   to^ the  blue  sub- 
stance? 

•  What  other  uni^ts  d^o  you** 
thiak   are  part  of   the  solid 
s  true  t ure? 


\ 


Suggest  that  they  try 
out  what  else  besides 
in  blue 'Vitriol. 


to  find 
water  is 


Have   each  team  get   its  equip- 
ment  for  this   Section  of  th'e 
A  (C  t  i  V  i  t  y  :  •        ;  • 

*•  '  . 

2     test  tubes  ^  . 

1     small   1-az  cup 
1     piece-  of  steel  wool 
1,   cufi)  for 'the  water  sup- 
ply ,  -  »  > 
1     medicine  d[i:opper 
*  1     jar  to  hoJLd   the  test 

tubes  ^ 

One   child  in   the   team  can  put 
4  unit  measures  of  blue'^'vi tri- 
ol  crystals  •  int'o   the   small     ^  , 


COMMENTARY 


190 


199 


In   addition   to   its  solubility 
in  water,    its   color  and  its 
intew^ction  with   he.at  energy, 
by   this   time^  they   should  also 
iTidrcate   that  Its  properties 
include   a  characteristic  crys- 
tal  shape . 

H^lp  them  relate   their  pribr.  

experiences   to  the  idea  that 
wa tS/X  molecules  ^are  essential 
units   rn   these  blue  crystals. 
They  *a|)parently  are  'part  of 
the   solid  structure. 


When  water  was  drive^n  off 
blue  c<olor  disappeared,  , 

I 


the 


Molecules  of   dehydrated  salt-- 
some  children  may^'say  "vitriol. 
You  may  want   to  reintroduce  the 
marble  'model,    used  in  Mini se- 
quence  II,   which   depicted- the 
"^ifferent   ty'pes   of  bonding  in 
the  blue   vitriol   crystals.  * 


In  this^Activity,  the  "children 
caii  again  ^ork   in  teams  of  two, 


The  'wad  of   steel   wool  'should 
be  aboot   1   in,    (25. cm)    in  size 


Use  th-e  marked  woodeo  dis-  ^ 
pensers  or  straws  again  as  a, 
uni  t  measure . 


fllNISEQUENCE  IIiyA6tivity  2 


TEACHING   SEQUENCE,  r 


cup.      The  othe^-  can  get  a  sup- 
ply of  warm  water  .in   the  poly- 
foam  cup.      'Phen,    as   they  did) 
in  the  previous   Activity,  tlTey 
are   tx>  add  water   to   the  crys- 
tals   to   obtain  a   solution  of 
blue   vitriol    in  water,  ^  This 
time,    however,  they*should 
add  about   12   droppersful  of 
warm  water  a^nd   stir  with  a 

solid 
solu- 
tion  is  made,    Ifa.ve  them  trans- 
fer half   of   it^to  one'  of   the*  ^ 
small   test   tubes   and  the  other 
ha]jf  .to   the   other  test  tube. 


.toothpick  un.til  all  the 
is ^di ssolved .      Once  the 


Now  each   team  should  get  ^  wad 
of   steel   wool   and  .roll    it  un- 
til  it  is   thin   enough   to  be 
inserted   into   a  test^.tube. 
After   the   roll   is  inserted 
into  one  of   the   tubes,    ask  the 
children   to  observe  what  hap- 
pen,s, 

•  Are'  there   any   signs  of 
change  s  ?  \/  ^ 

Have   them  pull  out   the  piece 
pf  steel   w.ool  and  carefully 
place   it   on   a  piece  of  paper 
towel.     What;.do   they  no'tice? 

^  How  does   the   liquid  cpmpare/ 
with   that    in   UKe  other  tube 
c6ntaining   the, "control "  ^ 
solution  of  blue  vitriol? 

•  Do   yo.u   think   th^  solution* 
still  contains   blue  vitriol? 


r 
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The  solution*  should  aboi^t  half 
fill   each   tjest   tube.    \  * 


If  the   steel  wool   is   fine,  tfie* 
children  will  have   least  prob- 
lems Hn   rollin<^  it. 


Within  about   five  minutes,  there 
should, be   complete  interaction 
of  the   steel  wool   and  the  solu- 
tion. *  The   children  will   see*. a 
fine   coating'of'a  pi nk,  s ub stance 
on   th'e   ^teel  wool   and   the^  solu- 
tion will   no  ljortger.be  blue. 
If  the   color  has  not  disappeared 
comple  tely  ,    i  t  will  definitely 
be   lighter   than   the  undisturbed 
sdlution   in   the   second'  (control) 
t  ube .  ^  ^ 

Again   leave   this   an  open  dis- 
cussion af  this  point.  Some 
children  may  .correctly   inf'er  ^ 
that   if  the   solution   is  Ho 
longer. blue,    it   doesn*t  contain 
the   substance.-      If   it  has  no^A 
co/Lor    (it  may  look  slightly 
yellowish) ,    some  may  suggest 
tha,t   the  blue  vitriol   i,s  now 
""dehydrated"  jas   in   the  previous 
Minisequence.      If   they  mention 
this     as'k^them  how   it   cx)uld  be 
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i1INIS£QUENeE  Ill/Activity  ? 


.    TEACHING  SEQUENCE 


2.      Show^the   children  a  f 
of   the   nails  %      /ts^k   them  in 
what  way  they  compare*  with  t 
steel,  wool  they   just  used. 

•  How'could  y^u  tell   if  both, 
objects   conta ineS ' iron? 


Have  several   children  test  C. 
both  the   steel  wool   and.  n^ls 
•  wi  th  nnagne  ts  .      Since   they  ob-/^ 
served   an   interaction  taking 
place  'between  the  steel  Wool 
and  the. blue   solution,  per- 
haps there  would-be   a  similar 
interaction  with  the  nail.- 
Suggest  that  they  tfest  this, 
idea.^ 

/ 

Each*  teajn  should  take  one  nail 
and  a   pifece  of   string  6  to 
8    in ,    lojng  . '  .\ 


.th^m  clean  off 
of  'the  naiLby 


Have 
face 

'it  with  a  fresh 
wool  and,  after 
string,  dipping 
other  test  tube 
vinegar ,  After 
them  draj.n  off  any 

,vin^gar  on  a  piece 
towel* 


the  sur- 
rubbing 


piece  of  steel 
tyin'g  on  the 
it   in to  an- 


containing 
the   dip ,  'have 


excess 
of  paper 
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dehyi3rated  when  there 
much  water  present! 


is  so 


Some   children  may  recognize 
not  only  that   they   are  both* 
metals,,  but  that  both  (Jontain 
ir on  , 

By ' this   stage^   most  children 
}\ave  had  Experiences,  with  the 
magnet ip. properties  of  4^on 
(e.g,<,    startiag'in   Grade   1  of 
COipES)         •  ^ 


'^Bpth  will 
magnets , 


be  attracted  to  the 


Many  nails   come   from  the  fac- 
tory with   a  thin  coating  of 
oil.      This   oil   will  interfere 
with  the   interaction  they  are 
investigating.  "   Henp.e   the  need 
f Tpcr  cleaning. 

V 

The   string  will  hel^  them  in 
placing  ^the   nail   gently  into 
the   tube   and  in^vr'etrieving  it 
easily. 

The  vinegar  .di'P/  cyllih'ough  not 
ess-ential  for  the  interaction 
with  copper   sulfate  in 

this  Activity,  will  be  needed 
to  obtain  4  copper  coating 
when  they  test  a  nail  in  some 
'copper-  nitrate'  m  Acti^^ity  S\ 
Sometimes^  concentration  of  th^ 
salts  and  acidity  play  a  role 
in   the   ability  .of  certain 


1 


MINISEQUENdE  IIlActivity  2 


TEACHING  SE-QUENCE 


Once   the   nail    is   clean,    it  * 
should  be   inserted. in  the 
second   tube  which  contains 
the   uninter^c-t ed  blue  vitriol 
solvit  ion . 

•  Is  anything   happening  be- 
tween  the   solution  and  the 
nail? 


In  about  ha'lf  a  ii[\inute  have 
them   lift  out  the-*nai^, 

•  Is   there   anything  new  on-^ 
the  nail? 


Once  some  definite  ^ut 
(deposit  is'Visib'le,  the] 
siiould  lift  out'  the  nail  and 
place  it  on  .a  piece  of  paper 
towel.  Excess  liquid  can  be. 
.wiped  off  with  another  paper 
towel.  * 

Is  there   any  change  observ- 
able 'in   the   solution  this 
time? 


To  see  If  there  is  a  change 
'the   solution  under  these 


COMMgNTARY  ^ 


chemicals   to  'interact.     The  * 
copper  .nitrate   solutioh  has  to 
be   slightly  acidic   for  ropfJer 
tO' appear  on  an   iron  nail. 
Acetic  acid,   in   the   fo-rm  of 
common  h'&usehold^vinegar    (5%)  ; 
is   an   e'xcellent  source  of  acid- 
ity.     So  as   not,*to  introduce 
a  new  e lement ' suddenly   in  Ac- 
tivity   5  ,    the   vinegar  dip  is 
m^de  part  of  the  procedure  here 
with   the   iron   nail.      Have  them 
save   the   tube  .with   the  vinegar 
if  they  are   to  prepare  other 
nails. 


When  the  nail   is   immersed  in 
the  blue  solution,    it  will  be 
difficult   to  c^s^rve  any  change 
at  ^ ir^t ,       .  ' 


The^tips  and  edges  ma^y  show* 
signs  of  a  pinkish  deposit.. 
If   there  does   not  appear  to 
be  much  of  a  deposit,  have 
them  re  immerse   the  nail  f9r 
anotljper  half  minute. 


The   child-ren  may  be   unsure  - 
whether   there   is   a  change;,  in 
the   solution.      They  may  rightly 
point  otit   the  need  ^or  a  con- 
trol  tube  of  solution  with  ^ 
which  to  make  ^a  'comparison. 


2C^ 
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TEACHING  SEQUENCE 


circumstances,   suggest  tbafe 
they  try-putting   a  nail  into 
tw6  .\dif  f  erent  .coacent  rat  ions 
of  blue  'vitriol,    one  contain- 
'  mg  half  as  'much   blue  vitriol 
as   the  other.     This   time  they 
ean  also   set   up  a*  c^ontro^l  and- 
leave   the   nails   in  for  a 
l^onger  period  *bf   time.  .  • 

Have   the   children   discard  the 
solution  and   rinse  out   the  2 
test   tubes    (not   the  one  con- 
taining  the  vineg^ir)  .  Then 
ask  the*  teams  to  make   up  *a 
."master"  solution  of   the  -blue 
vitriol   crystals.      They  should 
pl^ace  about   1/2   teaspoonful  of 
crystals    in   the   i-oz.  (30-ml) 
cup  and  acfd  warm  w^ter  until 
it   is   about'  5/6   full   or  until 
the   liquid  is  about  1   cm  from 
the   top.      This  would  corre- 
spond to  afoout  25   ml   of  solu- 
tion   (if  there.J.s   such  a 
mark).    'Stir   until  all,  or 
almost  all,*o*f  the  crystals 
are  dissolved.  "  / 

A 

One  wa^   they  could  set  up 
solutions   of   the   two  different 
concentrations,    so   that  both 
have   a  control,    is  as  follows: 
pour  ^ome   of    the    solutioYi  into 
two   test   tubes    (test^  tubes  1 
and   2)    until',  each   is^  about  3/4 
full .     Then  pour  about  half 
the  quantities  ^in  test*tubes 
1  and   2    into  4:wo  efnpty^test 


tubes,.  3  and   4,   a^  showi^nn 
the   illustration  6n  page  195 


ERIC 


Are  all  the 
all  4  tubes 
color,  when 
the  sideT^ 


solutions  in 
about  the  same 
viewed  from 


COMMENTARY 


Some  may  think  there   is  a 
change   in  the   color  of  the 
•solution,    as  «^wi'th  thQ  steel 
wool,   but   less   so,   arhd  that  * 
tHe  ^change  would  be  more  ob- 
vious  i^.  the  nail  were   left  in 
the   solution   longer.       •  • 


In  Grade, 5,    Minisequ^nce  V, 
Activity  5,   a  series   of'  eight 
successive   dilutions   were  made, 
from  Q  master  blue  vitriol 
solution..     The   children  ob- 
served a  distinct  gradation  in' 
color   in  the   series.,  Eaoh 
dilution  was  made,   as   in  this 
case,   by  adding  an  epual  volume 
of  water  to  a  sampTe   from  ^he 


next 
t  ion 


moxe   concentrated  solu- 


Before   they  perform  tJie  actual 
dil,ution,    ask   far  their  sugges- 
tions ^for  making  a  soljution 
which  will   contain  half   as  much' 
blue   vitriol   as   the,  "master" 
solution.      Som^may  suggest' 
taking  half  as.  in%ch  solution. 
If   so,    teli   them  you  ne6d  the 
same  amount  of  liqu.i'd  so  ,that 
a   nail   cctn  be   immersed.  'Any- 
way,   halving   the  amounts  does 
not  halve   t^e  cpncentration. 
If  s-ome   children   sifggest  making 
up. a  different   •**master**  solu- 
tion by   taking  only   1/4  teaspo^ 
of  crystals  in  the  s ame  amount 
of  water,    that   is  perfectly 
valid.      In   fact,    encourage  -Uiem 
to  do  'so  and  ,have  thejn  compare' 
*the   color  of   thdir  sfjlutio^n 
Vith   that,  of   chi'ldren  who  will 
be  dilutjLng   from   the  original 
master ,  *  '  . 

♦      *  * 

They   should  be,    since   t\)e  liq- 
uid came   from  the   same  mastef 
solution. 
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^  \ 


TEACHING  SEQUENCE 


ERIC 


Nfe*xt,   adcf  water   to   tubes   3  and 
4   until  they  are   3/4    full   of  . 
iLquid.      Insert  a  cork,  and 
invert  once   to  mix.      Then  add 
some  more   "master"  solution 
to   test  tubes   1   and  2  ,so  they 
contain  the   same   volume  ,o  f 
liquid  as   they  did  originally. 

ch   team  should  now  have  4 
test   tubes  with  .blue'  vitriol 
soiut ioh-- two  with^the  master 
solution  and  two  with  the 
dilute  Solutions.      The  tubes 
can  be  placed   in   the  jar 
which   serves  as   a  rack  sub- 
stitute. ' 

•  How  does   the^>Ajp,^inf   of  ;blu,e 
vtitriol   in   the   test  tubes 
compare?  < 


After   the   class  discussion, 
have   them  prepare   two  nails 
to   insert  ^s   they  did  before. 
Then,    setting  aside  one, tube 
0"f  each,  concentration   as  a 
control,    the   children  should 
gently   insert   a  nail'  into  a 
tijtbe  with   the  master  solu'tion 
and  into  a   tube  with  the 
diluted  solution.      The  tCitres 
can  be   s.et  <a^j^,de   in   the  jar 
for  observation*  on   the  fol-- 
lowing  day. 

♦  3.     The  next  day,    have  t^e 
teams   retrieve   their  jar^  and 
observe   the   contents   of  .the 
test   t ubes . 


Ask  thTem  to  describe  what  they 
observe  and  encourage   them  to 
be  as. specific  as  possible, 
focusing  on  the   changes  which 
have^taken  plac^e-. 
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Alternatively,  -they  cou;.d  fill 
each  of  the   four  test   tubes  to 
a  height  of  about   1-1/4  in, 
13.2   cm)    and  then  mark  off 
aouble   that  height  on  _all  th6 
tubes.      Adding  water  t^'that 
height   in   test   tubes   3   and  4 
and   solution   to   that  height  in 
test  tubes   1  and  2  would  ac-  - 
complish   the   same   thing • 


In  comparing  equal  volumes  of 
solution,  the  tubes  .with  the 
same  colored  so»lut:ion  should 
contain  th'e  same  amount  of 
blue  vitriol;  the  tubes'With 
the  lighter  solution^  should 
contain  half   that  amount.. 

The • preparation  should  include 
cleansing   th'e   surface  .w^ith  > 
stee^l  wool,   attaching  a  piece 
of  ^tring   to   each   nail,  and 
d ipping  <- i t   into   the  vinegar--. 


It  might  be  advisa'ble  to^  have  \ 
"each  t^am  £)ut  a  mark  on  the  jar 
to    identify   it  . 


Lf  th'ey  remove 
th^y  know  from^ 
i1;*,i^as   removed  ! 
/ 


a  nail,,  be  sure 
which   test  tube 


20. 


\  1 

'    TEACHING  SEQUENCE 


Are  there  any  changes  in 
the  solutions? 


i 


ERIC 


^  •  What  do  you  observe  .on  each 
nail? 


Three  point>   should,  emerge 
from  ^his   ihitial  discussion: 
'1)    the  more  dilute  solytion 
has  lost   all   its  J'blue"'  2)  the 
more   concentrated   solution  is 
lighter   in  color  and  3)  the 
nails   from  each  have  acquired 
a   pinkish   coating.  s 

Have   tlje   children   rinse  6"ff 
the  coated  nails  and  dry^them. 
•For  those   nails  wher^  the 
coating  can  be   lifted  off, 
have   the  children   do   so  after 
they   have   been   rinsed,  and 
observe   the  coating  carefully. 


What  does  this  cpating  look 
like? 


^  pinkish  coating..  If  tbese 
are  new  nails,  it  is'  likelyv  ' 
that  .the  coating  will  be  ver\ 
adherent.       *         .  ^ 


MINISEQUENCE  III/Activity  2 


.  COMMENTARY 

It  is  probable*  that   the, more 
dilute   solution  will'have  lost 
all   its^blue  color;    the'  more 
concentrated  one. will  be 
lighter  !  in  ^colc^ 


The 
for 


solutions 
use 


h^j^^^  be  saved 
later   iif^tlf'^  Activity 


Not  only  will  it  be  pink,  Hut 
it  may  have*  a  metallic  sheen, 
on  that  part  which  adhered  to 
th^  wall .      However  ,    if  a 

porous   or   nonadherent  coat'ing 
formed,   the   deposit  will  appear" 
very   spo^ngy.      In   those  instances 
(which   should  be. rare  with  a  . 
fresh   new  nail),  ^it    is  likely 
that   no  blue'-  color  will  remain 

CO  ncen  t  ra  t'ed 


eveh  *^in   the  c^ore 
solution.  , 

I     '  ■ 

Some   childre^n  'may   answer  copper 
right   away ;   many  will   not.  How 
you  guide   thLs   section  of  *the 
Activity  will   depend  on  their 
response.      For   instance,,  it  it 
is   suggested   that   thp  coating 
is   iron,    ask   hoj^^  they  could 
test   for'i£.    ^(They  can   test  the 
lifted  coat  with  ^  magnet .  it 
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TEACHING  SEQUENCE 


If   the    children ^ think  the 
coating  on   the   iron   nail  is 
rust,    the   following  activ- 
ities  should  be   taken  up. 


\ 


some 


First*    show   the' ^chi  1  dr e n 
obviously  rusty   pieces  of 
iron.      Encourage   them  to  view 
^hese  carefully,    using  thdir 
magnifie*rs   if  they  wish.  Com- 
pare the  ^rust  on   these  objects 
with  the   coatings  on  or  from 
the  *na  i  1  s  .  » 

Then  the   children  can  make 
some  rust  on   the'  same  kind  of 
nails   themselves:      Each  team 
should   take  'three  test  tubes, 
three  nails,    and  a  jar, to  hold 
the   tubes..    They   should  pre-  - 
clean  the   nails  .just  as 
did  when   immersing  them  m 
the  blue  vitriol   a/id   tie  a 
str  ing  on  each 

Place  each  n.ail   in  a   test  tube 
and  label  each  tube    (wPth  nu'in- 
bers  or  letters)'    to  differe^n- 
tiate  them.      Then  place  some- 
water  in  one   tube,   baing  sure 
some  of   the   nail   is  exp'ose^ 
above  the  water   level^.^  In 
tlVe  second  tube,   have  enough 
water  so  the  nail  is  com- 
pletely covered.     Do   the  same 
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they 
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will   exhibit  no  attraction.. 
Thus   they   can   infer   it   is  not 
iron. 

-» 

Experience  ha^   indicated  that 
many  children  consider  any 
coating  on  a  piece  of  iron 
"rust."     Careful  examination^ 
of'  the  .  appearance  o>f  thi3  coat 
ing  and  cpmparing   it  with  some 
actual   rust  will  point   up  the 
difference.      Note,  however, 
that  on  long   standing,    if  a 
of   iron   is  partially 
in  a  water  solution 
particularly   one  wJiich  is 
dejpleted  of  the  blue  vitriol, 
true   rust  will   start  to ^  form 
on  the  upper  part  which^is 


piece 
imme  r sed 


exposed  both 
and   to  air. 
that  reason, 
mend  leaving 
the   s^dlut ion 


to   the  solution 
(See  below.)  For 
we  do   not  recom- 
the  nails  in 
for  prolonged 
periods  of  time  and  certainly 
never  when  -only  partly  im- 
mersed . 


The  children   can  make  their 
own   record  sheets   to  describe 
what  went   into  each   tube  and 
to  record   their --^observations 
of  the   contents   after   a  few» 
days  .       «  '  ' 


\ 


\ 


■^  TEACHING  SEQUENCE 


for  the  third  tute,  ,but 
addition  put   in  a^out  a 


m 


4r9p- 

perful  of  mineral  oil.  /Have 
them  set  these  tub-^s  ♦/aside* 
for  a  couple  of  dajji^s. 

4.     A  few  days   late^',  /the 
children  should   tak^'  ^he 
nails  out  to  .examin^^^ aiang 
with   the  nails  whicH  :Ji'ad  ac- 
quired ^the  .coating  ^tfom  \he 
blue   solutions.  i 


Whe^re   the  rust 
how  does   it  coi 
the  coating. pr| 
formed? 


/ 


appeared , 
ipare  with 
viously  , 


'H.elp  them  to  see-^  the  s-imilar- 
Ity   to  the   coating  on  thfe 
rusty  objects  and  the  differ- 
ence  between  it  and  the 
pinki^^  coating . 


•  What  seems   to  be  necessary 
fo^  'rust   to  form?     How  are 
the  conditions  different 
from  those  under  whi'ch  the 
pink  coat  forms? 


If  the  coating  is  not  rust, 
whatisit? 

NOW  show   them  some  pieces  of 
copper. 


Is   there  any  similarity  be- 
tween  these  objects   and  the 
coating  formed   in  the  blue 
solution? 


MINISEQUENCE  Ill/Activity  2 
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Xhe  mineral  oil  will  prev.ent 
any  of  the  air  above  from 
dissolving  in  the  water.  ^t 
a»cts   as   a  "cover." 

There  will  be   cons  iderable^ 
evidence   of  rust  irr  th.e  partial- 
ly .  iminer  s  eAy^ai.l  ,  particularly 
near'  the  .water  surface  where^ 
it  was  both- wet  and  exposed  to 
air.     Where   the  nail  was. com- 
pletely  immersed,    there  v^Ml  be 
only   faint  evidence  of  rust  and 
there  will  be  none  on  the  nail  ^ 
from  the   tube*  to  which   the  oil 
was*  a'dded  . 

Thp   rus,t   again -•will  appear  * 
orange -brown ,    a  different 
color   from -the  pinkish  coat- 
ing*.     It;  also  ^has   a  different 
luster." 


A 


\ 


From  their  limited  experience^, 
ondy  water  alon^  and  air  N&eem  ; 
to  be   needed   for  the  inter- 
action which   forms   rusf.  The 
rust   a.ppears  on  the  nail  near' 
the   surface  of  the  water,  while 
the   "pink"  coatiii^  appeared  on 
the  nail   ins ide   the  b'lue  solu- 
tion, y 


At'  this  poi^vtf^  the  children 
may  suggesx  copper.  > 


Use  a""  shiny  copper  penny,  a 
fresh  piece  of" copper  wire,; 
even  a  shiny  copper  utensil 


or 


20 


Where   the   deposit   is   very  f.ine^ 
it*  wi^l  hive   a  rough  or  matte 
finish.      But  where   the  coating 
,  has  been   smooth,  pkart^cularly 
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•  If   the -coati  ng  on   the  nail 
is-rcopper,   where   did   i^  come 
from? 

Refocus  their  attention  on  the 
interactions  in  the  two  dif- 
ferent concentrations  of  blue 
vitriol.  Have  them  look  again 
at  the  four  test  tubes,  twd  of 
which  were  controls  and  two  of 
which  had   aail^  inserted.  ^ 


•  Is  there   any  blue  vitriol 
left    in  ^the   solution  which 
lo?t   all   its   blue  colpr 
after   the   nail  interacted 

.    with  it? 


•  What   about  the  otl 
'tion,    the  bne  that 
blue? 


solu- 
is  still 


#If   the  copper  came   from  the 
blue   vitriol,    what  do  you 
pre.dict  ,will^  happen   if  a  ' 
cle'an   iron  nail   is  inserted 
^in  *each  of  these  two  "used*' 
solu'tions?.   .  * 
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\  \ 


when  it  was   lifted  off,^the 
coating  will  resemble   the  '\ 
piece  of  copper  metal. 

In   the   subsequent  i^scussion, 
help  the  children  associate  the 
appear^ance  of   fehe   copper  with 
the   disappearance  of   tlie  blue 
color-of   the   solution.  Of 
course,    you  might  have  a"  chil<4 
in   the   class   who  knows  that 
blu^  vitriol   is   copper  sijlfate! 


You  might   find   it  helpful  dur- 
ing  the   discussion  of  the 
-relationship  between   the  loss 
of   the   blue  vitriol  and  the 
appear a  nee  of   the  copper  co^t 
to   display   the'  interaction  . 
with  a  microproj*ector    (or  over- 
head) .     If   so,   place  a  small 
b-it  of  blue   solution  on   a  slide 
an/  use   a  piece,, of  steel  wool 
instead  of   the   iiron  nail.  If 
the   solution   is  dilute  enough, 
the  enlarge.d   image  will  show 
depletion, of   the  blue  color 
around   the  wires   of  the  steel 
wool  as   a   shiny  coppery  po-at « 
is    forming  •  •   As   usual^,    it  is 
advisable   to  try  this  demorv&tra- 
tion  out  befor^'.you  do   it   in  ^ 
the  classroom. 

From  the  color  alone,  apparently, 
not  .       /  :    '   '    '  .       \ . 

r 


Again  based  olV^Vie  color ,  it 
probably  still  contains  some 
blue  vitriol . 

m 

Encourage   their  predictions. 
At   this  point  many  should  havS 
enough  information  to  be  .able 
to  predict   that  a'  copper  coalfr- 
ing  will  .again.'  form  in  the 
s'blution   that  is   still  blue: 
There  may  be  doubts  about 


■9  .*> 
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/TEACHING  SEQUENCE 


They   should  now  insert  a  ftaih 
into'  ear-ch  of  the   "used"  solu- 
tions,  arher   first  precleaning 
theni:>v '  ' 


After  a*^.  few  minutes,   have  the 
children  look  at  ^ach  nail 
and  report   their  finding^; 
'Then   suggest^that   they  set 
thea.e   systems   aside  for  the 
rest   of  th^  day  or  overnight 
to  , see  if  any   f urther  changes 
take  place .       -   -  * 

5.    *After   the  children  h^ve 
looked  at   the   two  systerAs 
"again  sometime   later,    ^sk  if 
there   is   any'  d  i  f  f  e  renc  e^  be - 
tween  the  n^ils. 


^  you 


Why.  db  you  think.no  coating 
appeared  on  the  nail  in^the 
solution  which  had^^ost  its 
blue  color? 


A 


Then  wherei  did  th>e  copper 


come  from?^ 


•   If   the   copper  i.&  ho  longer 


COMMEFNTARY 


the  other  on^e,   although  some 
may  realize  that   i,f  the  copper 
does   come   from  the^  blue  vitr.i- 
ol  ,   a,nd  there   is  nc)ne  remain- 
ing;   then  no  coating  will  form? 

If  they  use  the  same  nails  us'e*d 
before,   be   sure   that  their  sur- 
faces  are   thoroughly  cleaned 
with  st^el  wool,   as  with  the 
new  ones.     This  time  the  steel 
wo,ol   is^  not  needed   for  any  oil 
coati'r^g  but   to  ensure   removal  ^  ' 
of   the"  previously  deposited 
copper  so   that*  it  ,cfoesn't  inter- 
fere with  their  observations' 
*of  any^  fresh  coating  formed. 

The  nail   in  the  blue  solution 
will   show,  evidence  almost  im- 
mediately of  a  coating,  but 
not  the  one   in  the  ndn-blue 
solution'. 


There  'will-  still  be  a  coating 
only  o"n  the  naiT  in  the  solu- 
tion which  had  b*lue  vitriol 
in   it  before  the  nail  'was 
inserted.       '  ^  * 

Since   the   color  of   the  solution 
I's   associated  with  blue  vitriol^ 
molecules,    there  apparently  , 
weren ' t  any   io  the, colorless,' 
solution.      Help  them  to  recog- 
ni  z/e,  that   the  presence   of  blue 
vitrib'l   seems   to  be,  necessary 
for  the  production  of  the  cop- 
^per  coat  ing  . 

At   this^point  the  ^hijldren  can 
reasonably   infer  tha>C  the  cop- 
per aame   from  the  blue  vitriol, 
Ydu  might   tell   them  'that  the 
chemical  name  ,of  this  substance 
i  s   copper  i»sul  f  at e  . 


Leave  \hi|m  with  this  question. 
f^.i.O        ■  '  201 


MINISEQUENCE  III/Activity  2- 


TEACHING  SEQUENCE 


in  the  solution,  what  is^ 
in  it? 


ERIC 


V 


COMMENTARY 


Som^   children  simply  assume 
that   the   liquid   is  water. 
Others  may  have   noticed  ^ 
slight  yellowish   cast  to  the 
"used"   solution  which  .tHey 
may  wonder  aboutl 

In   tl\e   following  Activity,  the 
children  will  develop  a  model 
of  what  might  be   occuring  dur- 
ing the   interaction  of  blue 
vitriol  with  the   iron  nail. 
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MINISEQUENCE. Ill/Activity  3 


*    Activity  3      Copper  and  Iron  Change  Places 


.Using  colored  circles   to   repxesei\t '  the  component  units   of  blue 
vitriol,. now  called  copper   sulfate,    the  children  devel^  a*model 
in  this  Activity  'for   the    interaction  with   the   i.ron  nail  which 
yielded  th^  copper  coat.      The'mode^L   suggests   tha^   1)    the   solid  ^ 
blue   vitriol   is   composed  of  units   of  copper  attached  to  units 
of  sulfate    (with  water  molecules   attached   t-o  both)  ;    2)    an  -iron  ^ 
nail    is   also  composed*  of   uni-ts--of   iron;    3)    w.hen   injberact iojp 
occurs,    iron  units   ffOm  the   nail   exchange  places  wi^th   the  cop- 
per units   in   the   dissolVexi  copper   sulfate.'    Thus   the  model  pic- 
tures' free  copper   forming  a   layer  on   the   nail   and   iron  sulfate^ 
being  the   sut>s^tance^  in   so  lu  t  ion-- s  ince   t»h-e  copper  has   lef€   the  ^ 
soluti^on,    it  no   longer   is.  a^artner  with   the   sulfate.    •  r' 

In  tb.e  final  Sec£ipns   of   this  Activity^   phildren  perform  .two 
experiments   to  verify  hy^^oth^ses  based  oq,  -this  'model  :  If^the^ 

^model   is^  useful   and  valid,   then<         th-ey  should  'detect  a  traja^-,. 
fer  of  >iron^^-ut  of   t.be\n^il   and   2)    thfey  should  obtain  crystals 
charac^eri^"tlc  o f * ^s f a t e  on  evaporating   the   "used"  solu- 
tionT     The   childrer^test   and  yerify  the   first  by  measuring  a 
loss   of  material   in  tW^  iron    (after  several-  displacements)  and 

"the   se-cond  by  compa^rlng^  ^he   characteristic  crystal   shapes   from  . 
the  used  solution^  with  thos^forme'd  from  iron   sulfate   in  Ac- 
tivity 1.  ,  *  '  •     *  •  ^ 

Thus   the   children  build  up  experimental   evidence   that  Either 
eppper  or   iron  can   be   structural   units  within   salts;   when  eop-  ' 
per  i*s  a  unit   in  a   sulfate   salt,    the   solutibn   is  blue;   when  ironX 
replaces   it,    the   solution,  is   cofoirless  or   slightly  yellow,  y^'hus 
they   can   infer   that   the   component   structural   units'  in   a  su^ 
stancf.  will   dete'rmine   its  proper  ti'es Jn   the   following  (Ac  tivi  ty 
they  will  study  a  property  character  is  ti>9^f  a  unit    (or  atom) 
of  a   substance   no  matter  whether   it  is   free  or  bonded   to  other 
Tanits--they  will   investigate^  some  -character  is  tic  -  flame  tests. 


MATERIALS   AND  EQUIPMENT:^  ^  .  '  - 

balances,   Ohaus  mode'l  No.    120.0,   or   its   equivalent/  as 
many  as  are  available  .  ^ 

1     overhead  projector   (optional)         .         '  ^  *  , 

*  12-18     transparent  circles^  minimum  3   cm  in  diameter,*  of  each 
of"^  different  colors    (See   Preparation   for  Teaching.) 

iron    (ferrous),  sulfate,   about  /C/2   cup  '  . 


•  21^;  .;v  „ 
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MINISEQUENCE  Ill/Activity  3 


For  each  team  of  two:       *        *  - 

test  tubes  from  the  previous  A^ctivity 
severalylnew  iron  nails' 


a'a'ditional  materials   and  supplies   to  make   up  more  blue 
vi;triol  solutions    (1/2   teaspoon  of  cryst^a]^  for  ead^^ 
2 5  ml  b f  water)  . 

*  ^  .  magnifiers        '  *  ^ 

1^  ,  .2;    glasse^s  ,  J'old-f  ashioned ,  "  4-  to  8-oz«  capacity  ,  trans- 
paren-t' plastic ,    o_r  glas«   slides  -  '  ' 

the  crystals  of  coppef*  ^ulf ate  and   iron, sulfate  frOm^  ^ 
'  .    Ac  t  i  V  i  t  y  '*1        '  ^  '  .    .       .  \J 


PREPARATION   FOR  TEACHING:  ,  '  "  . 

In  Section   1  you  will  be  developing  a  model   of  frhe  interacti^-n 
be*tween  the   iron  and  t  he^ppe4  .^^1  f  ate  '  wijth   the   children.  If 
you'^^have  an  overhead  prog'^^or,   prepare   the   r ec^'omritended  trc/ns- 
parent'.\colored  circles.      You  may  want  to  ass^eiUbl^   som^into    ^  , 
"mol^ecuXes-  o^f  copper  sulfate^"    v(^ee  p^ge   26'?. )V    Circles  of 
colored  consjLruction  paper  can  (also  be  us ed  .  e^^^f  ec  t  i ve  ly  on  the 
"sticky"  »*;ype  of.  bulletin  boardU     Of   course,    coL^red '  chalk  on 
the  board  could  be   used  too;        V  * 


Allocation  of  time^ 


•About   3  .hours  will   be  needed   for  this  Activity, 
extend  over  a  period  of   several  days. 


Ajgain,    it  Vill' 


ERIC 


TEACHING  SEQUENCE 


1.      If   necessary,  briefl; 
yiew'with,  the   children  jwhat 
they  observed  wh^en  a  c  lie  an 
nail  was  ,aIlo«ired  to  interact** 
with  the  blue  vitriol  solu- 
tio^n,^ 

f 


•  What  evidence  was  there 

that  the  "copper  came  froirt 
^    the.  blue  vitriol?- 

204 


COMMENTARY 


A  pinkish  coatin'g,   which  ap- 
peared to  be   copper,   was  formed 
1  n  lia   in'Stances  .*  * 

It  could  bre   inferred  that  the 
copper  caAe   from  the  blue  vi%-  • 
;riol  because   the   copper  .ap- 
peared as  the  blue  color 
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MINIBEQUENCE  Ill/Activity 


ERIC 


TEACHING  SEQUENCE 


a 


\ 


•  What,    tl>en,    are   the,  unit^  * 
that  seem'  to  make  up  a  ' 
molecule  of  blue  vitriol? 

• 

.The.  children  at   this  time 
Should  see  that/  besides  wa- 
ter,   the  btue   vitriol  molecule 
probably  jTontains  smaller 
units   within  it  called  "cop- 
per."    Help  the   children  come 
to  the   idea  that  'copper   is  an 
'essential   unit  within  the 
blue   vitriol.      From  its^  chem- 
ical name,    copper  sulfate,  the 
children'^may  recognize  \t!hat 
sdmething   called  "sulfate" 
is  also  part  pf^the  molecule. 


rd  .or  overhead* 
w  the  model  they 


On  the  chaikb 
projector,  dr 
had  develppe*d\  f  or  blue  vitriol 
units   in  Minisequence   II.  As 
you  discuss  what  the  children 
have   just   learned,    alter  the 
^model.      Keep  the  attached  wa- 
ter molecules,   but   instead  of 
only  one  central  unit  draw  in 
circles  depicting  copper  units*/; 
and  sulfiate  units*.     The  water  - 
molecules   can  be  attached  to 
both.     The   illustration  shows 
one  way  this  could  be 


COMMENTARY 


disappeared  f  rp^ja  the  solution , 
Also,^  no  goating  was   forp*edi  on 
a  nail**  in  4  Solution  from  which 
the  <blue  h^d  ^dispppeardd .  'It 
might  a^so  be/add'ed  that  the 
coppep  qibaiii^g  did  .not«  form*  on 
the   nail  under  any  othe^  cir- 
cumstanc'es   than  v#hen  'tfhe  nai*l 
was   in   the   solution  containing, 
blue  vitriol,-- for   instance  ,  I 
puttiag   ihe  hail   Into  water'V; 
alone  ^  S"eemed  to  produce*  only* 
rust,    if  .anything. 


Th-6  ^children  know  that  water 
.mo lecitles  are  a  necepsary  part 
of  Slue   vi«trior-- without  it , 
^ the  ^substance  is  not  the  same, 
as   evidfence^  by  the   fa^ct-,  that4. 
i^  is  no   lon^^er  blue.  Similar- 
ly ,   when '^th^ copper  is  removed 
from  the .  sbit^£ance ,    i't  is  no 
long^er  blue:      the   sal)Lition  frpm 
vfhich  no   furthecr"  copper  coating 
I  c^ul^d  be'  formed  ort  the  nail 
'!^wks   clear  or  slightly  yellow- 
'  ish. 


Actually  sulfate   is   a  "compound^* 
unit  called  a  radical  /  which 
^^contains   several  atoins--in  this 
case',   one  a^pm  of  ^.sulfur  .^nd 
four         oxygen--but   this  i"s 
not  pertine'nt  to  '  the -develop- • 
ment  here .  -    .  ^ 

If  you  will   be  us ing^^he  over-  ' 
head  projector  and  tr anspar;^!fit  • 
circles   descrifce^d  below  (see"-'' 
page  207)nyo^u  may  want  to^use' 
thq^  same   ci rcLes , here . 


Actually,   analysis  has  indi- 
cated that  in  the  case  of  copc^ 
per  sulfate,    f^our  wa^er  mole- 
cules  are  attached  -to  -the 


i 

2:14 


/ 
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TEACHING  SE'QU-ENCE 


.  4 


represented , 


/ 


MIl^ISEQUJNCE* II I/Activity  3 


COMMENTARY 

copper  and  one   to  the  sulfate 
but,    again, -the   children  have 
no   evidence   of   this   and  for 
purpos,es   of,  the   present  dis- 
cussion it  doesn't  matter. 

4 

If   sorjie  children  vqnder*  about 
the  difference   in  properties 
'between  copper  'metal  and  cop-'*' 
/per   sulf'ate,    remind  them  of  the 
^  difference  *iil  wa.ter  when  it  is 
"  f'iree "  and  when   it  becomes 
bond^ed   ip  hydrated   salts  In 
hydrated  ^alts   at,  room  teifipera- 
ture,    is   there  any  evidenceof 
the  physical  properties  we  'as-  • 
soclate-^with  water  at-  room 
-temperature?     Similarly,  when 
copper   is  bound  up  with  sul- 
fate,   the  observable  properties 
will  hot  be   that  o'f  copper 
aloae    (ev^n- though  the  mode 
of  chewical   bonding   is   not  ti^e 
same) 


r 


Tell   the  childran  that,  with 
the   information   they  have 
gathered ,    they  may  be  able 
to   develop  a  model  which  would' 
lie-it)  to  explain  what  '^happens 
to   the  units  which  make  up  the 
nail\and   the   copp^  sulfati 
when  they   i^nteract.  ^ 


( 


ERIC 


/ 


Just  as  with^the  marble  model 
in  NLlniseqt^^nce  ^I  ,    the  model 
theyl  will   consider   need  not  ' 
be   tne  only  possible  one.  The 
r equi^remen ts   are   that  the 
model   explain  the  observed 
facts   and  be   useful   in  predict- 
ing other   eventsi     If   it  does  ^ 
this  effectively,   it  is   a  ,good 
model . 


This  part  of  the  Activity  ' 
migh%  be   continued  by  project- 
ing an   image  of  one  ofythe 
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MINISEQUENCE  I'll/Activity  3 


TEACHING  SEQUENCE 


blue   copper  sulfate 
grown^by   the  class 
i  ty  1  . 


\ 


crystals' 
in  Activ- 


\ 


'V 


ERIC 


Add-some  water   to   the  solid 
and  have   the  children  observe 
^the  slow   spread  of^  the   blue  of 
the  copper'  sulfa^te   through  th'e' 
surrounding  liquid. 


What  happens   to   the  mole- 
cuies  of  copper  sulfate 
whVh  water   is   added  to 
the   sol  id?     '  « 


Then  how  could  wq  represent 
the   units   in   the  copper 
sulfate  solution? 


Using   several   transparent  cir- 
cles of  three  different  col- 
ors,   if  you  are  -working  with 
the  overhead  projector,  ar- 
range  the   circles   to  represent'- 
two  or   three  separate  , mole- 
cules   of  copper   sulfate  and- a 
few* molecules  of  water.  (If 
the  molecular  model  of  copper 
sulfate  is   still  on  the.over-^ 
bead,    break  the  pattern  apart 
aa.d  distribute   the  units.) 


,If  possible,-*  move  the  units 
about   to  represent  their 


f     fr»eedom  to  move. 


COMMENTARY 


Use   th,e  overhead  projector 
As  previously   recomniend.ed , 
check   the  , operation  before 
you  demons\j:ate   it   to  tne 
class.  '  ^ 


The  molecules  of  copper  sulfate 
will   have    the   bonds  holding 
th  em  in   t^he   solid  broken  as 
they  becomi  part  of   the  ^lobile 
liquid.      (See  Activity   1   of  ' 
Minisequence   III   in  Grade   5  of 
COPES. ) 

As   the   chi,ldren  discussed  "inv^ 
Activity   i,    the   solution  con- 
tains molecules  of  water  and  of 
hydr^ted  blhe   vitriol    (if  if 
were   not   hydrated,    the  solu- 
tion would  not  be  blue) .  Thus, 
to   represent   the  solution",xa 
drawing  or  other  representation 
.could  be  made  af   separate  cop- 
per sulfate  m oT'^ cules  together, 
with  water  m'ol^cules. 


/ 


As^  indicated   in  t h'^^^Ttraf^.d^^^  1  s  . 
li^t,    ci^rcle-s   of  different  ) 
caJ.ored  construction  paper 
could  also  be   use^  on  a  sticky 
bulletin  board.     This  model 
construction   can  even  be  made 
on  the  board  with  co.lqr ed' 
chalk.      Use  whatever  medium 
you  are  most   comfortable  with. 

feome  children  may  be   aware  that"* 
the  molecules^,  in   s^olution  move 
about.      There   is  considerable 
mobility   in   the   liquid,  as 
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MINISEQUENCE  Ill/Activity  3 


TEACHING  SEQUENCE 


•Now  shaw  the  class   the  circles 
Qf   a  fourth   color.  Suggest 
they  be  u'sed^bo*  represent  the 
ixon  nai 1  . 


•How  should 
«  arranges? 


thes^  c  ii:c  le  s  be 


You  might  arrange  the  circles 
■^in  three   rows  as   shov^n.  Place 
^  ^^the-m  ^among  the  copJ>er  sulfate 
jc^^nd         e  r   u  n  i^t  s  . 


COMMENTARY 


compared  with  a  solid.  This 
difference  between  the   solid  * 
and  liquid  states  was  extensive 
ly  developed   in  Grade   4,  .Mini-, 
sequence  V  and  Grade  ,>5>  Mini- 
sequence   III.     Tliey  willy-pro^- 
ably  not  be  aware   that   tne  cop- 
per aiird'^ulf a'te   "ions,"  with 
their  attached  waters,  dissdr 
ciate   in'  solution.      However,  »- 
it   is   not  necessary  that 'they 
know  this .  - 


4 

Since   the   iroA.  nail   is   a  solid, 
these   circles  should   be  'arr 
ranged  in  an  orderly  array  with 
bonds   connecting,  them* 
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/ 
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Key: 
•  Iron 
@ Copper 

©  Sulfate  : 
o  Water 


J 


Mlt^ISEQUENCEMil/Activity  S 


TEACHING  SEQUENCE 


Now  ask  one  of  the  children  to 
come  up  and  show  o^n  the  model 
'vhat  the^  nail   looked  like  \ 
-after   it  was   in  the  blue  solu- 
tion  for  awhile. 


^Is   every  one 
this  model' 
action? 


satisfied  with 
of  the  inter- 


•  Is   the  nail   reaTly  necessary 
in   this  model?^  Cou]r<n*t  the 
^   copper_^come   out  as,  a  solid 
^  on   the  surface  of  anything-- 
for   instanoH,  *a  too'thpick? 

If  r^o  one  irontions   it,  you 
might  ask   i5»'  anyone  hotice'd 
any  -change   in   the    iron  nail. 


COMMENTARY 


ERLC 


©ften  children  will  take  the 
colored  circles  representing 
the  coppter  and  line  them  up 
along,  the  na4,l  'representation, 
wit-h  oi  without  the  'attached 
warter  ,  as  .^shown  belov  .  Th?is 
seems  qu  logical  to'  th eW^» 
because   in  many   cases   tjvp.:  ^ 


sheath  of 
be  peeled 


coppe  r 
off. 


coating  could 


Xhe   childiren^may  bie   brought  up 
short  by  su^h  questions.  One 
or   two  may  want   to  actually 
put  a'  toothpick   into*  a  ^copper 
sulfate  solution  and  ,see   if  a 
copper   coating  appear^   on  it!. 
Jf  so,    encourage   them  to   do  so 
and  take  up   the   remainder  of* 
the   discussion  o'f  the  mfe e  1 
after   thV  results   are  -in. 

Some  chi-ldren  may  'hav'e  noticed 
that  l)    the   nail  Wpis   ijo  lon^^r 
shiny,    2)    it  may  'have  appeared*' 
pitted,,  and   3)    th.e   nai'I  re- 
inserted for  a   second  coating 
might  l^ve   appeared  thinner. 
However,   don't  press   for  these' 
responses . 

Here  you  are   focusing  on   the  ^  - 
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MINISEQUENCE  Ill/Activity  3 


TEACHING  SEQOEN.CE 


^hsk  the/n  how  they  might  change 
the  representation   to   show  the 
iron  nail  as   taking  part  in 
the  interaction.  ^ 


Ask  the  children   to  consider 
this  model   for  the  interac- 
tion. 


COMMENTAf^^Y 


essential  nature  of  any  inter- 
action--that   is, 'as  two  sub- 
stances  interact,    changes  will 
^sa^pear  In  both  as   a  result. 
(This   is   also   true   as  energy 
interacts  with-  ma-tteMt^.  not 
onl/y  do   the  propertie^fef  mat- 
ter change,   but  the  eS^^y  will 
often  change   in  form.)  * 


If  no  child  suggests  it/'^you 
may  have   to  do  an   exchange  ''of 
a  copper   "atom"   for  an  iron 
"atom."     At   first,    set  up  the 
model   so  that  about  half  the  > 
available  copper  units  are  ex- 
changed  for  iron  on  the  surface 
of  the   "nail,"  as   shown  below. 
In  other  words  ,   a   few  copper 
atoms   should  be. put  where  iron 
atoms  are  and   the    iron  atoms 
that  are   displaced  put  where 
the   copper  atoms  werel 


What  happ'enjgd  to  the  color 
of  the  so*lution  when  enough 
iron   nails  were  inserted? 

Did  you  have  any  evidence  of 
.copper  left   in   the  solution 
when   there  .wars   no  more  blue? 
Did  ari'^added  nail   form  a 
copper  coat? . 


•  Do  you  th  this 


The   color   dis appe ared 


No--once   the^bllie   color  was 
gone ,    the  copper 
not  appear..  * 


coating  did 


Help  the   children   to  recognize 
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MINISEQUENCE  Ill/Activity  3 


TEACHING  SEQUENCE, 


representation  is  a  good • 
model  of*  the  s-ystem  which 
was   no   longer  blue?  ' 

Now  have   a  child   show  how  the 
model   should  be  changed  to, 
represent  the   solution  that 
had  .had  all   it^  copper  re-^ 
moved . 


COMMENTARY 


that  at  that  stage   the  evidenqp 
was   that  there   was    no  longer 
any   copper  "in  solution. 


The  outer  columns  on 
nail   should  ha.ve  ali. 
cies  of  "copper"  whi 
ing  it   the    sulfates  are 
there  but  now  there  are 
representing  iroii  with  them. 


O 


O 


O 


o 


o 


o 


o 


o 


Key: 
•  Iron 

Copper, 
osulfate 
O  Water 


■J) 


If, copper  and  iron 
pi  a  ce^s   completely  , 


the 
the 


■^ub^tance. 
wa t  er? 


chaJigje 
whdt^^is 

dissolved',  in 

/ 


Before  going  on' to   tes^  the 
model,   you  migl}t  want  /to  ask 
the  children   to  ma|:e  /cheir  own 
representations  of   this  model 
using  whatever  media  tKey  . 
wish--bu ttons  ,   seqj/ins  ,  -  tiddly 
winks,  etc.     This /could  be 
done   at  home. 


ERiC 


/ 


/ 


/ 


According   to.  the   model,  the 
dissolved  substance  would  be 
iron  sulfate.      Note   that  this  \ 
illustration  s i mp-i-y.  s h o w s  'that 
iron  and  copperr  have\  exchanged 
place^s  ,   based  on  the^children/s 


inferences .  The 
3,hows  5  attached 
copper  sulfate . 
sulfate  may  have 
attached  waters  , 
germane  to  •  thei  r 
i  ng . 


illustration 
waters   as  with 
Al  though  iron' 
as   many  as  7 
t'h*li   is  not 
model  bui Id- 
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MINISEOUENCE  ^Ilt/Activity  3 


TEACHING  SEQUENCE 

.  •  ^ 

2.     With  the   model  of  the 
interaction  between  a  nail  and 
copper  sulfate  still  on  dis- 
play,  ask  rhe   following  ques- 
tions: * 

•  If  the   copper  coating  does 
hot  just,,^lie  on  the'surface 
o  f  tha  iQ'i  1  but  actually 

•  takes   the  pi  ace  of  sAmB^-ef-.  . 
the  iron,   how  would(  t^is  ^ 
affect  the   amount  of-  iron 

in  the  nail? 

•  How  might  the  nail  be  repre- 
sented after  you  removed  the 
coppe:^  coat? 

•  In  this  model,  how  does  the 
relnaining  iron  compare  with 
the  original  iron? 

•  How  can  you   check  out 
whether  there   is   less  iron 
after  ^the  ^copper  forms? 


Have  the   teams  set  up  an 
periment   to   test. this  predic- 
tion..    For   those   vj^ishing  t"o 
follow  any  charige   in  the 
amount  of  iron  in*the   nai*l  by 
weighing  it,    they   can' use  the 
Ohaus  balance,   or  its  equiva- 
lent.^ 


•A 


COMMENTARY 


O  212 

ERIC 


Encourage  the  children  to  devel- 
op ideas  on  how  their  hypotheses 
and  predictions  could  be  checked 
out . 


As  this  question  is  raised, 
take   away   the   circles   rep re- 
senting the   copper  coating. 

There   would  be   less   iron  in 
the  nail   after   the  interaction 
than  before . 

Some   child re n  may  suggest  ^ 
measuring  the^^  thickness  of 
the  nail   after  removing  the 
copper  coat;   some  may  s-uggest 
weighing  the  n&il. 

Be  ,sure  that  they  plan  to  weigh 
or  ineasure   the   nail  be  fore ,  as 
well   as  after,   the  interaction. 
They   can  qse   a  millimeter  rOler 
to  judge*  thickness.  However, 
^ince   all   they  want  to  t6 s t 
for  is   loss  of  material,  ,some 
children  may  me  rely  want  to 
outline^the  nail  before  and 
af4:er   the   in  ter  ac  t  ion^. 

Whatever  Ijialance   is.  used,  the 
n^il'  should  be  weighed  \o  onk- 
tenth   of  a-  gram.      A  typical 
2-in.^  common   nail,  was   found  to* 
weigh   3.0   g,      (Some  children 
might  be  interested  to  see  what 
variability  theV  can   detect  in 
the  weights  of  different  nail^ 
taken   from  the   sample  you  'pro- 
vide.     Such  variability  in  a.» 
property   for  members  of  ,a  »sam-  ' 
plewas  the'focus  of  Activities 
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TEACHING  SEQUENCE 


The.  teams  should  make  up  fresh 
batches   of  master   solution  of 
the   copper  sulfate.     As  be- 
fore,  it  will  be  convenient 
for   them  to  perform  the  inter- 
action   in  a   test   tube.  Thus 
a  string  should  be   tied  to 
the   nail  after  it   is  cleaned.. 


Have  them  immerse   the  fresh 
nail   in    the   copper  sulfate 
solution  and  leave  it    in  for 
a  considerable  period--all  day 
or  overnite\      They  shquld  then 
remove   the   co^ting^of  copper 
and   reimmerse   the   nail  until 
the   blue   color  of   the  solution 
is  depleted.     Then  take  a 
f re s h  solution  of   copper  sul- 
fate and  continue   the  -process  >> 
removing  the   copper  irom  it 
as  well.     Each  time  the  jiail 
is   immersed,    its  surface 
should   first  be  carefully 
cleaned   of  copper.         .  ^ 


Once   the  nail  appears   to  be 
smaller,   they  can   stop  the 
interactions  With   copper  sul- 
fate.    They   can   then  rinse 
and   dry   off   the  nail,  remove 
the    copf^r   and  weigh  what's 
left   of   the  nail.  < 

3.  While  this  test^of  the 
model  is   going  on/  discuss 


COMMENTARY 


in  Grade  5,  Mini sequence  V,  ^  f 
"Investigating  Populations  •  '1 ) 


They   should  ag^in  use   1/2  tea- 
spoon  of   the   sail:   in  about 
25  ml   of  water. 


See   if   the   children  realize 
that   they  mu6t:  weigh  the  nail* 
after  ^cleaning  with   steel   wool  *^ 
and  with   the   string  attached. 


children   should   rinse  off- 
plated  nail  before  handling 
use  paper  towels   to  dry  it 
a  small  piece  of  paper 
to   help  remove  the  cop- 
It    should  not  be   rubbed  * 
wool.     ^Rubbing  will 
physically  r emove   s ome  iron 
iltat  was   not  p^rt   of  ^the  inter- 
\action  with   copppr  *  sulfate . 
After   the   nail  had  had  its 
first   coating  of   copper  re- 
moved,   its   surface   hay  be  v 
"p^itted.^^'   ,  Subsequent  'coats 
will  be  very  fine,  nonadherent, 
and  will   deplete   the  blue  solu- 
tions  more  quickly. 


Save  the  first 
ti'On  obtained. 


colorless  solu- 


As  many  as   three  or   four  im- 
mersions  m^y  be   necessary  to 
obtain  an  easily  detectable 
loss    in  weight . 


er|c  . 
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TEACHING   SEQUENCE  . 

with  the   class   their  hypoth- 
'eses  about  what  Is  left  in 
the   colprless    (or  slightly 
yellow)    solutions  after  the 
.copper  completely  coats  out. 

•  If  .this  model  is  correct, 
what  would  the  molecules 
in  the  solution  be  after 
inte  rac  tio^n? 

•  Could  you  perform  some  test 
which  might  indicate  ^.whether 
the   noriv-blue  solution  is 
iron  sulfate? 


Using  the   technique  estab- 
lished in  Activity  1,  have 
them  set  S||>me  of  the  solution 
reserved  in  Section   2  aside 
to   form  crystals. 


\  / 

After  the   crystals  are  formed 
and  th  ey  have   made  their  final 
weighings   on  the  nail  which 
has  been  immersed  in  copper 
sulfate  solution  several 
times.     Ask  the  children  to 
regort  on  tjieir  findings., 


COMMfeNTARY 


If  the   copper  ,and  iron  dp  in- 
deed change  places,   there  would' 
be  ixon  .sulfate  in  the'  solu- 
tion,  instead  of  copper  sulfate. 

The   crucial  "Insight  here   is  to 
see  that  if  the  cololr  and  shape 
of  the   crystals  which  Jc6rm  ^n 
drying  are   the  same,  as   that  x^f 
those   formed  i^  Activity   1  from 
the  known  iron  sulfa1;e,  tien 
it  probably   i_£  iron  sulfa^. 

In  addition,   some  children  may 
want  to  irtake- a»solution  of' 
known  iron  sulfate    (fr^m  the 
chemical  supply  bottle)  ^and 
see   if  it  resemble^   the  non- 
blue  solution*     They  should  use^ 
the  same  ratio  of  solid  to  ^ater 
t'hat  they  ^id  ^in  making  the 
^coppe^j^^ulf atel  solutijpn.  Pro^ 
vided  th^  size' of  t\xe  crystals 
are   the  same  ,^  the  solutions 
will  appear  sdj.mil ar  .  \ 

If  the   iron  sulfate   crystals  ' 
obtained  in  -Activity  1  have 
stood  around  too  long,  some 
changes   may.,  have  appeared  in 
them.      If  so,   you  might  want^ 
to  have  the   children .evaporate 
the  solution  of  known  iron  sul- 
fate   (from  the  supply  bottle) 
and  obtain  fresh  crystals  for 
comparison.  '-^ 


The  crystals  will 
yellow  and<  of  the 
obtained'.for  iron 
Activity   1.  They 


be  light 
same  shape 
sulfate  in 
will  have 


no 


s  imi lar 
crystals . 

The  n'ail  wi 


copper  sul fate 


have  "lost" 
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TEACHING  SEjQUENCE 


•  Do  yovr  have   any  more  cbn- 
fideng^in  the-  mode-l'noW? 


•  What-  evidence  is  there  that 
irorr  units   and  sulfate  units 
were   in  solution? 

•  *What  happened'  t;o  the  copper?" 

^Now,  instead  of  the  circular 
model  representation,  write  , 
the  "word-equation"  express- 
ing what  fthey  think  happened 
in  "this  interaction. 


COtJMENTARY 


considerable  material:  After 
inserting  the   same  nail  in  4 
fresh  solutions  of  copper  sul- 
fate,  the   2-in.    nail,  weighing 
3.0   g  initially,   weighed  2.0  g. 
It  lost   1/3   of  its   iron.  Its 
thickness  was   noticeably  less. 

Help  them  toj'see,'  i^  necessary, 
that  the   i r-on  apparen tly  did 
take   the  ^lace  of  the  units  of 
copper  in  the   copper  sulfate 
solution.      It  was  present   as  ' 
iron   sul fate .      .  - 

'The  similarity  in  the  crystals^ 
formed  in   drying.  ^ 


Tfie  coppe r  appeared  as  a  coat- 
ing on  the  nail . 


COPPER   SUi;,PATE   AND    I  RO'l^ 


COPPER  AND    IRON  SULFATE 


By^the   fin^l   discussion  the' 
children   shoulfl  b'*e  able   to  ^ 
identWy^  not  only  the  differ-r 
ent  units  whose  movements  they 
have  beea<f ollowing , ,but  also  \ 
the  ^two  dfifferent' changes 
n'oted  in  thi's   ioiteraction : 
The   copper  sulfate  is  giving  f 
up  its   copper,   the  iron  from 
the   nail  .replacing  it  in   the  '» 
molecul^^. 


At  the   end  of  this  Ac4:ivity, 
have   the   children   cover  an'd 
set  asidhe .  the-  nai  Is  ,    the  cop- 
per coatings ,   tfhe  coated 
nails ,   the  solutions   of  blue 
vitriol,    and  the  used,  color- 
less  solutions.     Thay  wiLl  be 
needed  in  -Actiitity  4. 


EXTENDED  EXPERIENCE: 


.er|c 


Some 
nail 
•vill 

are  used.  Do  not  let  the  nail 
in  a*  copj)er-depleted  solution. 


children'  jnay  -want 
with  the  solution 
happen  eventual ly 


to  pij^rsue 
until 
as 


the   inter  active  n 
the  rrdi^^  is  all 
fresh  solutions  of 


of  the  iron 
used  up'.  This 
copper  sul fate 


remain  exposed  ^to  the 
however,   or  rufet  will 


air  or 
form. 
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Activity  4      Further  Corroboration  of  1he  Model 


In   this   Activity   the   children   investigate  a  prop*fek^ty*  of  atoms/  ' 
which  reinforces   the   concept  of  copper  as   a  structural   unit  of^ 
matter*     'The  children  have  observed  that   "free"   copper    (the     ,  \^ 
metal)    has  different  properties   than  blue  vitriol.      The  presence* 
of  copper   in   the   3^tt<ei?  .  could  only  be   inferred   from'  the  appear-  , 
anc$  of   free   cop^»  metal  on  the  na:^l  as  the  blue   color  of  the 
solution  disappe^^BId  and   from  the   fact   that   it  did  not  appear 
in   a  non-blue   solution.      Now^    in   the  present  Aq,,tivity,  they 
^"-wini^estigate  a'  property-- the   flame   t  es  t- -wh  ich-  i  s ,  char  a  c  t  er  i  s  t  i  c 
py  the   copper   unit,    no  matter  whether   it   is   bonded  only   to  it- 
self or   bon'iied  to  another   kind  of   unit   in  a  salt. 

They  learn  the-te chnique  of   flame   testing  With   several  salts, 
some  of  which  have  a   common  flame   color.     Sodium  salts,    for  in- 
stance,   all   exhibit. a  characteristic  yellow  flame. when  heated. 
The   children   find  that  Sapper   salts  yiel^  a  bright  green  flame 
Thi^  characteristic  bright  green   is   also  ^obtained   from  piecfes 
of  copper  metal  such  as   a  wire  or  a  penny.      The  presence  of  the 
unit  of  copper  can  thus   be  yerifi^ed  from  the   green   flame  test, 
whether   it  is    "free"   or   in  a   salt.      Th^n  they   find   that  the 
flame  that  is  characteristic  of  a   given  salt  can  be  obtained 
from  a  solution  containina   some  of   the   dissolved   salt.  With 
this   information,    the  ^hlTdren   further  corroborate   their  model 
of  the   interaction  betw^n^the   iron  nail  and  blue   vitriol.  As 
predicted,    they   find  coppW-^^in   the  blue  vitriol   solution  and 

the   coatinq  on   the   niir/     In  oth^er  words  #    these   two  sub- 
stances ,   which  appear   so  different,   have  something'  m  common. 
.  That  something  is   copper.     But         copper  units  are  detected 
in  the   solutions   from^  which  tl)e  copper  has  been  *  removed . 

MATERIALS*  AND   EQUIPMENT:  * 

^        ^   several  metal  waste  cans  "  '  ' 

I  ,  -  ^ 

1     polyfoam  container,    3   qt    (3   liter)    capacity  of  other 
container   for   cold  water 

safety  matg^h^^es   if  not  .given  to   the  tea'ms 

.   ^         1     pirt't^^iiim^oniu J  chlor'ide   solution    (see  Preparation  for. 

Teaching)    o_r   substitute   such  as  a  mouth,  wash  containing 
xzinc   chloride    (e.g.,  Lavoris) 

sodium  chloride    (table   salt)  ,   about   1/2  tsp** 

.  •       ^  .  •  On 
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*  '  ^  ' 

*  » 

% 

sodium  bicarbonate   (b-aking  soda).,   about  1/2   t^p.       ,  * 
epso.m  salt    (optional)  *  -  " 

supply  of  the   following  cH^icals;   about   i/2  c  u"^  each: 

sodium  sulf-ate    (Glauber's   salt),   available  in  drug^' 
stores  I 

>dium  th ids ul fate  (hypo) 

po\assium  bitartrate  /.(cream  of ,  tartar) 

po€a^ium  chloride    (salt  substiitute) 

copper   s-ulf  ate ,    hydrate  crystals    (blue  vitriol) 

copper   sulfate,  anhydrous 

copper   chloride'*  (optional) 

Qalcium  chloride*  (optional) 

lithium  chloride*    (optional)  ^ 

several  wide,    squat  containers   to   serve^  a's  supply 

stations   for   the  chemicals,   with  dispenser's  .  - 

several  pieces  of  metallic  copp^^   e.g.   wire,:*,   pennies  -i^ 

pieces  of  iron,'  e.g.    nails  *  •  '  •  ' 

V 

plastic,  wrap  ^  ,  ^ 

masking  or  plastic  tape,    in  dispensers  ^ 

several  new  unopened  coot;ainers  of  Sterno 

,    se^.eral  p^stic  or  metal   spoons,   small  ^ 

the   items  produced  in  the  previous  Activities,  elg.,  a 
copper  coated  nail>   the  copper  qaating  removed  from 
the  hail,   crystals  of  copper  sulfates  formed  by  evaporat- 
ing  the  blue   solut.io^s,   crystals  obtained  from  the  cpp- 
per-depletedsolution,  etc. 

each   team  of  -twd  children:  '  ■ 

at  least   10  pieces  of  heavy  duty  aTuminum  f  oil ,  about; 
;8  cm  on  a  side  .  ,       .  .  ^ 


several  paper  clips,    standard   (the   tinned  steel  variety) 
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1         X  safety  matches  {optionall 


glass^  or/ porcelain^  cup  ,  dish  or*  beaker  {  f  or  disoarded 
mat chies )^  "  -  *  ^  '  " 


^^^everal  pijsces  of  paper,  small 

1     cup,   l-oz    (app^^-ox.)    30-ml/    waxed  paper  or  plastic 

^  1     Worksheet   III-l  "         .  - 

*  ,   ,  1     test  tube  Jiolder 

^   ^  *These   chemicals  would  need   to  be  ordere.d  from  a   supply  hou^e 
such  as  Fi^er  or  Cenco.     Although  calcium  chloride   is  avail- 
'  able  commercially  as  a  de-icer,    flame   test  results  with  this 

material  are"  not  dependable-;      ^.t  contains  *other   substances  ^s 
*well  as  calcium  chloride.      It  also   is   in   the   form  of  pellets 
which^ would  need  to   be   Crushed  into  a  powder.     A  yellowish  r^d 
flame'  is  obtained  from  calcium.    ^Lithium  chloride  yields  a 
beautiful   carmine   red   flame  which  is  very  easy  to  see..  This 
substance   woyld  be   a  nice  addition  to   the   list^of  materials  to 
be   tested  J/if  Section  2^     Copper/ chloride  ,   which  yieLds   the  cha] 
acteri€tic  green  flame,   could  ^Iso  be  added   to   the  list,  es 
cially^'if  you  plarv  to  have   some^or  all  of   the   children  do  t 
Extended  E^perien.ce  at   th^e   end  of  the  Activity. 

PREPARATION   FOR  TEACHING: 

There  are   several   things  which  could'be  prepared   ahead  of  time 
in  order  to  simplify   the  procedures   the   children  will   foll-ow  in.^ 
^   per-formihg  flame  tests.      Instead  of  using  a  whole  container  ofS" 
Sterno,   each  team  will  \ise  a  small  glob  oft  a  piece^  of,  aiuminul^ 
'foil.     This  means  pnly  a  very^small   source  of  heat',   a  small"  ^ 
^        name,'  and   if   any  contamination  occurs  by  the   chemical  te&te4, 
the  .entire   can  of   Sterno  need  not  be  discarded.      If  you, wish, 
and  have  helpers,   you  might    "prepackage"   the   Sterno.'     place  an 
'amount   the   size  of. a  3/4- in .  /nwrrble    (scoop  it  out  with  the  ^  . 

spoon)    on  one  piiece  of  foil/ cover  with  another  piece  of  foil* 
and  crimp^  the  edges   together.      This   is^  the  package  to  be  used' 
.for  ,each  test.     Each  te^m  will  need  at  least   10  *of 'these.  • 

For  use  in.  Section  2,   prepare   several   Ig^  ,    squat   containers  of 
^'     various  chemicals.      Label   the  containers  XI   to  X?  an-d  fill, them 
as   follow^:      XI  might  cQntain  potassium  chloride,   X2  anhydrous 
copper   sulfate,   X3,  calcium  or   lithium  chloride,   X4   sodium^  sul-' 
fate,   X5  cream  of   tartar,   X6  copper   sulfate,-  and   X7  "hypo" 
^   (sodium-  thiosulfal'e)  .     Copper-  chloride  could  be   included  as 
X8 ,    if  you  wish.     of.  courjtee,    the  order  can  be   varied.      It,  is 
most  important   not   to  let  trie  ^various  chemicals  befctyne'  contam- 
inated with  each  other.     TbAisteams  Will   take   each  sample  of 
solid  to  be  tested  on  a  seplTrate  piece  of  pj^j^er,   which  should 
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then  be  discarded.'  Planning  the 
of ' chemicals  ahead  of  time  will' 

The  test   for '-some   forms  of  coppe 
tion.such  as  ammonium  chloride, 
time  by  *6issolving  several  table 
a'^quart    (liter)    of  water.  Ammon 
sal  ammoniac,    is  available  in  dr 
be  stoised   in  a  plastic  or  glass 
If  a   screw   top   is  placed  on  the 
posed.-    ^'e-cover   it  with  ^lasti 
readily  be   substituted  for  thi^ 
additives,    such  as   zinc  chlor,2^e 
slightly  acidic   solution.  Lavor 
available. 


placement  of  separ^e  sta.tions 
minimiz^   traffic  pr,oblems. 

r  requires  #a  dip  into  a  solu- 

This  can-  be  prepared  ^ahead  of 
spoons-  of  'ammonium  chloride  in 
ium  chloride,   often  gold  ^ 
ug  ^nd  hardware   store/.      It  can 
container*  covered  with  plast^ic. 
jar;   be  -sure  no  metal   is  ex- 
c  wrap.  :  Some  mouthwashes  can 
solution   if   they  contain'  dertain, 
,  which  .teod   to  produce  a  * 
is   is  one  of   those  commercially 


ALLOCATION    OF    TIME:         ,  .  ^ 

This  Activity  will  require  about  3  hou'r&f,  exclusive  of.  the 
Extended  Experience  with  copper  chloride. 


TEACHING  SEQUENCE. 


1.     Bring  out   some  ordinary 
tablfe   salt.     Ask  the  children 
what  they   recall  about  its 
properties . 


/ 

Now  show  them  the   sample  of 


\ 


.baking  soda 


•  In  what  way  is   it  ^similar 
to   tablfe   salt?  ^ 

•  What  about  the  crystal 
shape  'it   formed?        *  * 

Set  up  ane   of  the  flame'-test* 
units    for  all   the  children  to 
seei'f  place  a  bit  of  Sterijo 
the^size  of  a  marble  on  the" 
foil.     Tape   the*  foil  to  the 
desk  top  and  have   the  second 
piece  of  foil  along  side,    to-  ' 
gether  with  a  ^up  of  water. 


COMMENTARY* 


They  should   remember   the  char- 
actefi^'tic  cubic  crystals 
formed  *in  A<:tivity   1.  In 
addition;   it   is  white  and^ 
sol*uble   in  water.  .  < 


It  is  white,  and  also  is 
in  water. 


soluble 


The  crystal  shape  is  quite 
dif  f erent . 


The  second 
*be   used-  to 


rf  there 


22 


piece  of   foil  can 
Snuff  out  t^e  flame 
is   leftover  Sterno. 
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TEACHING  SEf^UENCE 


Light  the  Sterno. 

•  Can  you  see  the  color  of 
.    the  flame? 


Now  sprinkXe  some   table  salt 
on  the   flame.     To  do  this, 
scoop  up  a   few  crystals  on 
the  back  of   the  handle  of  a 
spoon  and   tap  it  lightly 
over  the   flame . 

•Whatdoyousee? 


Set  up  a  second  foil  with 
Sterno"  and  light  it-'buV'  this 
time  sprinkle  some  baking  soda 
on  it. 


•  what  hapf^ens   to   the  flame? 


■.0 


ERIC 


In  additibn   to  being  white  and 
soluble   in  water,    table  salt, 
a'nd  baking  soda  have  another 
•property  in  common:  both' 
substances  cause  a  flame  to  ♦ 
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COMMENTARY 


when  a  particular  flame  test 
is   finished.     The  water  will 
be  used  '  to  extinguish  the  dis- 
carded matches . 

'  f' 

If  the  room  is  darkened  a  bit, 
the   fli^me  will  ^be  more  easily 
seen  . 


To  avoid   contamiliation,  don't 
touch  the   crystals  with  your 
hand . 


The   flame   becomes  bright  yel- 
low and  will  continue  to  burn 
yellow  b-e cause  of  t Ke^s alt 
that  wa-s   sprinkled  on.  ^ 

You  will  have   to  use  new  Sterno 
set-ups   for  each  test.  The 
flame   test  is^ very  sVpsitive 
particulaVly  for  sodium  salts; 
si^r inkling  even  a  little  sodium 
salt  on, the  Stern^o  in  this  - 
fa^shion  will  continue  to  give 
the  characteristic  yellow  color 
for  a  long  time.  * 

It  also  becames  bright  yellow. 

Be  sure  you  snuff  out  the 
flame  when  you  are  finished 
observing  it.     Use   the  second 
piece  of  -foil  and  place  it  over 
the   f  l-ame  -.     To  discard  used  '  • 
let-ups,   merely  wrap  the  foii^ 
up  and^  around  and  throw  them 
away.      (Have  metal  wasts  t;ans 
distributed  around  the  room^ 
for  the  childr^en  to  use  later.) 


Som^  children  may^^say  that  apy 
powder  will   do   the  same.  If 
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J 

TEACHING  SEQUENCE 
I 


turn  yellow.. 


•  What-  does  the  same  flame 
test  suggest  about  table 
salt  and. baking  soda? 

A'^k  the  children  if   they  know 
the  chemical  name  for  table 
salt.     Then  ask   if  they  know 
the  chemical  name   for  baking  * 
soda.*     If  no  one  knows,  tell 
them  it  is  called  sodium 
bicarbonate. 


•  What  do  they  ha^ve   in  common? 

•  If   table  salt  consists  o^f 
units  of  sodium  and  chlo-  ' 
ride,   what  are^the  units 
making  up  the.  molecule  of 
baking  soda? 


2.      Suggest  that  the  children 
try  using  the  flame   test  to 
see  if  any  of  a  group  of  sub- 
stance^ are  made  ug  of  the 
same 'kind-^f  units. 


COMMENTARY 


SO',    bring  out  the  epsoin  s^lt 
which  also  is  white.  Sprinkle 
this  bn^another  fl^me  test  set- 
up.    Not  all  elemental  units 
will  produce  a  ^readily  visible 
flame   unde-r   the  simple  condi- 
tions  in  this  Activity.  Epsom 
salt    (magnesium  sulfate)  does 
not .  '  \       ^  ^ 

Perhaps   they  both  contain'-the 
-^ame   thing . 


Many  will  know  that  it 
sodium  chloride. 


IS 


As   you  discuss   these. solids , 
write   their  chemical  names  t>n 
the  board. 


Something  called  sodium. 

Presumably,    sodium  units  and 
►  bicaiajpona te  units.     Note   that  • 
we  are  now  focusing  attention 
on  the  components  of  certain 
molecules.     The  name  atom 
need  not  be  used  because  in 
the  s'alts   investigated,  the 
unit  otheir  than  the  metal  atom 
(copper,    iron  or  sodiufn)  may- 
itself  be  composed  of  several 
atoms,    forming  a  radical  (e.g., 
sulfate  has  one  sulfur  and  4 
oxygen    (S04r);   bicarbonate  has 
1  hydrogen,    1   carbpn  and  three 
oxygens    (HC0*3)  '    etc  .  )  .  It 
might  be   confusing  to  use  the 
term  atom  for  copper  ^and*  not 
for   sulfate.     The  concept  of 
a  unit  within  the  molecule   is  , 
what  is  being  developed  in  th*e 
Minisequence . 

The  various  substances,  ea(3h 
with  its  identifying  number, 
should  be  distributed  around 
the  room  at  this  point. 
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Reaching  sequence 

Before  they  start,    show  them 
another  way  to  test   in  the 
flame-"-with  a  paper  clip 
loop,    like   the  one   shown  at 
the   right.      The   loop  part 
should  be   small  'enough   so  ^a 
crystal   or   two  will   sit  on 
it  ^(and  when  they  pick  up 
solutions   later   the  liquid 
will   cling  .there)  . 

Show  the   class   how  to  dip  the 
loop  into   some   salt,    pick  up 
•the  crystal*  and  hold   it  above 
the   Sterno  flame. 

The   children  can  perform  this'^ 
part  of  the  Activity   in  teams 
of  two.     One  team  member  can 
prepare  a  Sterno   set-up  unless 
you  have  prepackaged  the 
Sterno.      The  aluminum  foil 
shtjruld  be   secured  to   the  table 
top  with  smal-1  pi-eces  of  tape 
(masking  or  plastic)    to  pre- 
vent the   unit  from  being 
blown  off.  «     '  \ 

The  other  teammate   should  go 
to  one  of   the   supplies  of. 
salts  and  get  a.  small  supply 
on  a  piece  of  paper. 


If   the   children   will   be* light- 
ing  their  own  Sterno,  each 
^team  should  have  a  box  of^ 
safety  matches.      It  should 
be  kept  well _away  from  the 
flames.  [  Have  them  half   fill  ^ 
a  cup  with' water   for  ^the  dis- 
carded matches.  ' 


i 
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The  clip 
to  hold. 


will   not   get   too  hot 


They   s.hould  go  to   the  supply, 
of  Sterno,    scoop  out  a,  small 
bit,   pl^ce   it  on   the  piece  of 
aluminum'  foil,   cover   it  wit^ 
another  piece,   and  take  it  over 
to   their  worki  area.     The  foil 
will   not   get   hot   enough  to 
damage   the  desk.  top.  ^ 


He  or   she   can  take  the  s^an<fard 
"unit^measure"  with  the  dis- 
pense'r   stick  or   straw.         •  -  ^ 

There   are   certain   simple,  basic 
precautions   in  working  with  the 
Sterno   in   this   fashion   iil»  ad-  ■ 
dition  -to   the   general  precau- 
tions   in  working  with  flames 
indicated   in  Minisequence    Tl ; 

1)    If   Sterno  accidentally  gets 
j^on   the  hands   as   it   is  being 
transferred,   wipe   them  well 
'  with  paper  towels  before 
striking  a  match. 


ft 


2) 
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Never  put  additional  pdeces 
of   Sterno  on   a   foil   if  there 
is   still   a*flame.      Blow  it 
out   first . 


MINISEQUENCE  III/Activity  4 


-7— 


.0^ 


TEACHING  SEQUENCE 


Have   the^ children  make  a  loop 
out  of  a  paper  cTip  and  prac- 
tice  lifting"  up  51  small  bit 
of  solid  with  it. 

When   they  are   ready   to  test' 
the   salts,    have   them  light 
the  Sterno  and  observe!*  the 
color  of  the  flame. 

Now  place  the'  l<^op  of   the  pint 
containing   the  piece  of  salt 
in  the  u^pper'part   of   the  ^ 
flame.     What  happens?  The 
results   can  be. recorded  under 
"color  of^  flame"   on  Worksheet 
III-l.  .         '  ^ 


ERLC 


COMMENTARY 


3 )  -Keep  the  Sterno  covered 

.  when  it   is   not  being  used. 
This  will   prevent  evapora- 
tion and  possible  coi^tamina- 
tion  which  will   obscure  the 
flame  tests. 

4)  Discarded  mai:ches  should 
be  put   into   the   cup  of 

•  water  .* 


Be   sure   there  are   no   drafts  at 
tfie  wo^  areas  . 

-If   uncontaminated,    as   it  should 
be*^  the**Sterno  will   burn  with  a 
very  light,  blue   flame.     Jt  will 
be   easiest   to  see  .if   the  room 
'is  dai^kenedsomewhat. 


0 
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tEACHfNG  SEQUENCE 


Next, 


with  the  team  members 
reversing  their  roles,   a  sec- 
ona*  setup  should  be  prepared. 
Using  a  new  pajferclip,  have 
them  test. another  of  the 
salts,   and  so  on*. 

As  they  go  along ,   they  should 
notice  that  some 'salts  pro-  ' 
duce   the  same  color  flame  as 
others.     The  number  of  numbers 
of  the  substances  which  seem 
to  have  a  unit  in  common  can 
also  be  recorded  on   the  Work- 
sheet.    An  example  is  shown 
on  page  226. 

When  the  children  have  fin- 
ished' testing  all   the  salts, 
ask  them^  to  describe  their 
observations   of  ,each  one,  * 


•  Which  substances  seem  to 
have  a  unit  in  common? 


•  What  un.it  d9  you  think 
caused  the   yellow  flame 

*  of  X4  and  X7?  ' 

Identify  substances  X4  and  X7 
a,s  sodium  sulfate  and  sodium 
thiosulfate    (hypo).  This 
'information  can  be  recorded 
on  the  Worksheets. 

What  do  you  think  caused 


COMMENTARY 


To  avo^d  contamination,  a 
fresh  paper  clip  should  be 
used   for  every  t^st.  - 


There  will  probably^,  be  general 
^agreement  on  the  color  of  the 
flame  obtained  in  each  case 
with  the  possible  exception 
of  the  potassium  salts    (XI  and 
,X5)  .     The   flame  color  for  po- 
tassium IS   similar  to  the 
flame  color   for  S terno*^-thus 
children  sometimes   report  ob- 
serving  "nothing.."     See   if  the 
children  suggest  resolving 
arguments .about  this   flame  by 
comparing  it  with  a  "control" 
flame  of  Sterno  alone. 

As   indicate4.  by  their  flame, 
color,   the   fol  lowing-,  substances 
contain  the  same  kind  of  unit: 
XI  and  X5    (light  violet),  X4 
and  X7    (yellow)  ,   and  X2*  and  X6 
(and  X8,    if   included)  (green),. 

Since  the   f-lame  color  is  the 
same  as   that  obtained  from 
sodium  chloride  and  sodium 
bicarbonate,   many  children*  '# 
correctly   infer  that  X4  and 
X7  Tt\"u$t  aflso  contain  sodium.  * 


Most  children  will,  have 
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•SUBSTANCE 
NUMBER 

COLOR . OF 
FLAME* 

UNIT  IN 
■COMMON  WITH 

CHEMICAL  NAME 

unit 
Respons  ible 

Partner 

7 

 ^  ^ 

•  e 

A 

c 

X7 

-  /• 

> 

V 

■/ 

* 

• 

• 

X  + 

3   '  

X2,XC 
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TEACHING  SEQUENCE 


the  green  flame,  of  X2  and 
X6    (and  X8) ? 


4^ 


How  do  you  know  th^t  the 
green    flame  is^not  caused 
by  the   sul fate  unit  in 
copper   sulfate?  ' 

•  \ 


'Til-. 


3.     What  about  copper  which  is 
not'  bohded  to  anything  else? 
'If^no  one  ha*s  already^  sug- . 
ges-ted  it,    show  the  children 
a  piece  of. -copper  "wire    (or  a 
penny)   and  suggest   that  if 
th,ey  get   the   green  fj.ame  color 
with   this,   it  will  provide 
still  more  evidence  that  it 
i^  coppeY  which   is  rejsponsible 
for'  the   green  f-lame  Obtained 
with  copper  sulfate. 

•  What  do  you  predi^ct  will  • 
happen   if  you  heat  these 


plain  copper 
^ • flame? 


units   in  the 


Suggest  .that   theyv  try   this*  but 


-  COMMENTARY^ 

recognised  ytS  as  blue  vitriol; 
they  may  or  riay  riot  have  rec- 
ognized X2  as   its  anhydrous 
farm.      If  not,   or  if  tfiey  only, 
suspect   thai:  it   is,  suggest 
that   they  add  water  to" see  if  • 
it^  will   rehydrate   to   form  blue 

■itriol.    'The  response  then 
wlli   probably  be   that  copper 
is   the,  unit   responsible   for  th^ 
gr.eer^f  lame  . 


At-  this  point,   you  might  proyide 
th-em  with   the  names  of  the  other 
substance-s   they   tested  so   that  ' 
they   can  vterify   the\r  'Other  in- 
ferel^ces   about   substances  which 
did  \or  did  not)   have  units  in 
cajumoil . .  ^ 

^  .  ,  /    ■     /  ■ 

Since  a  yellow  flame,   and  not 
griee'n,   was  obtained   from  sodium 
sulfate,    it   is   reasonabfe  to 
assume   that^  copper  is   the  com- 
ponent of   the  copper  sulfa-te 
molecule   that  ca^uses   the  flame 
to*  turn  green..      If  they  tested- 
copper, chloride,   which  also, 
yields  a   green  flame,    tdiis  is, 
additional  evidence  th^t   it'  is 
the   copper   that   is  responsible. 


The   children  may  or  may'  not 
expect   the  flame   to  be  gre'en. 
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TEACHING  SEQUENCE 


tell  them  that 
color  is  not 
in  the  case/of 
copper  sulf }^ t e 


since  .the  flame 
easy   to  get  as 

sodium,  or  even 
tHey  have  to 


go 


through 


Each  team 
'of  copper 
a  te^st  tub.e 


n  extra  step. 

should  get  a  piece 
wire  or  a  penny^ 

half 


holder,  and 
fill   the   small  cup  with  the 
ammonium  chloride  solution , 

After  they  have  prepared  a' 
new  Sterno  setup ;   have  them 
light  the  piece  of  Sterno, 
grasp  the   copper  wir.e  with 
the  'test-tube  holder,  and 
heat  it  in  the  flame. 


•  What  happens? 


Now  have   them  dip'the  hot  end 
of  the  copper  wire'  in  the  am- 
monium chloride   solution  and 
reinsert   the  wire  in  the' 
flame. 

•  How  does  this  flame  compare 
with  the  ones  obtained  from 
copper  sulfate? 


•  What  unit  is  producing  the 
green  flame   in  .this  case? 


ERIC 


COMMENTARY 


If  the  wire  and/ or   the  penny 
are  tarnished   (cover.ed  with 
oxide) ,    the  children  should 
clean   them  with  stqel  wool. 


Because  copper  is  a  much  better* 
.conductor  of  heat   tha^  the  *iron 
In  the  paper  clip,    the  end  in 
.their  hands  may  become-  too  hot 
.to  handle.  '    '  ^ 

It   is   most   likely  that  no 
special  color  in  the  flame 
will  appear,   except   for  some 
sparks   from  pieces   of  steel 
wool  which  may  be  present. 

'^ 


A  beautiful,*  intense  green 
flame  will   form.     It  will  be 
very  simiiar*to  the  fleeisang 
one  obtained  with  the  solid 
copper  sulfate,   both  hydrated 
and  anhydrous .  ^ 

The  copper  in  the  coppe^^^wi re  v 
If   some   children  quite  'reason- 
^ably  consider  that"  the  ammonium 
chloride  caused \t he   green,  have 
them  perform  t he\  f  oyiowing  : 
Take  a  p'aper  clipL^^op,    he.at  it 
ir>  the   flame    (no  special  <2folor); 
immerse   the  hot  clip  in  the 
ammonium  chloride  and  reinsert 
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TEACHING  SEQUENCE 


\ 


Help  the  children  to 'recognize 
that  what  they  are  observing-- 
the  green  flame--is  a  property 
that  is  characteristic  of  cop- 
per whether  it  is  bonded  tOx 
ott^r  struc t.ural- uni t  "part  A 
ners"  or  not. 

4.  ^  Now  reintroduce  the  model 
the  children  had  beea^^d^vel- 
oping  of   the   interaction  with 
'the  iron   nail.    ^Could  they 
use   the   flame  .test  to  find 
out  if  copper   r^^lly  does 
come   from  js^he  copper  sulfate 
solution  to   form  the.. pink 
coating? 

•  How  would  you  test, the  pink 
coa  tin-g  ?  .  *  , 


ERLC 


How  would  you  test   the  cop- 
per  sulfate   solution?  What 
happens   to  "molecules   o5  a 
salt  when  j4t  dissolves  in 
water?         e   they  still 
there? 


• ^o  you ^think  a  table  salt 
solution  would  giv^  a  yel- 
low flame  test? 

V 


MMENTARY 


in   the   f lameV     No  special  color 
will  be  produced.      It  is  only 
with  the  copper  wire   that  a 
green   flame  appears  .•  (The 
function  of   the  ammonium  chlo- 
ride is   to   form  a  small  amount 
of   copper   chloride  oh  the  sur- 
f  ace  .     Copper  chloride  *v o la- 
til  izes   readily   in>the  Sterno 
flame  arvd  it  is   .that  which  pro-*" 
duces, the  green   color  most 
readily . ) 


The   pink  coating   couTd  ,be  . 
teste^a  in  the  same  way  the 
wire  or  penny  was  tested".  If 
the  .same'  green  flame   is  ob- 
tained/   they  can  be. even  more 
certain   that  the  pink 'sub-  , 
stance   is  copper. 

Their  experience   has   led  them 
to  be:j,ieve   that  the  molecules 
of  a  salt  go   into  solution. 
The   evidence  was   that  the 
salt  crystals  re-formed  when 
the   liquid  drjled,* 

The  children  may  be  uncertain 
about  this . 
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TEACHING  SEQUENCE 


ERIC 


Make  up  a  table 
by,  placing*  some 
salt  ip  a  small 
ing  water  .until 
obtaine^i.  Then 
paper  clip,  *dcip 
salt  solution; 


salt  solut  ion 
measures  of 
cup  and  add- 
a  -solut  ion  is 
take  fresh 
it   into  the 
and  hcJld  it 


over  the  -solution..' 


Are  there  sodium  units 
the  table  salt 


1  n 


solution? 
i 


•  Would  you  predict  the"  blue 
vitriol  solution  will  give 
the  green  flame  test? 

•  the  coatings? 

•  the  nails? 

•  the  non-blue  solution  re- 
sulting after  interaction? 


;  A§k  the   children  to   record  • 
'v,their  predictions  ^s  to  which 
oi  the  substance's  will  give 
the  ♦green  test  indicating 
copper  units.     Then  haVe  the^ 
teams   retrieve   the   iron  nailS/ 
the  copper  coatings;  the 
coated  nailS;   the  solutions 
of  blue   vitriol;  "and  the 
"used"   solutions  whic;h  had 
lost  their  color;   from  the 
previous  Activity. 

The   coatings  and  the  nails 
should/^e   tested  by  first 
heat^ing  them;    then  dipping 
them  in'  the-  ammonium  chloride 

4 

before  reheating  in   the  flame. 

"in   the   case  of  the  solutions; 
the  same  procedure   should  be 
applied:     Heat  *the  paper  clip 
loop;   dip  it   into  the  solu- 
tion;   then  heat   it;    dip  into 
the  ammonium  chloride  and  re- 
*heat.     If  the  green   color  does 
not  appear  immediately  with 


COMMENTARY 


■1 


The^'^flame  will  be  distinctly 
yellow. 

Apparently   so . 
Yes  . 

"  V-  ■  . 

Yes  . 

r 

Not   tVie  uat:oated  one. 


No.      It  was   inferred  from  the* 
model   that  iron  s^alfate  was^ 
in   the  solution, 


T 


In  working  with 
flame  setup  may 
be  replaced  but 
ished  with  more 
the  children 
contaminated 


the   sol  ids ;  a 
not  have  to 
simply  ^replen- 
Sterno.  If 
feel   they  have 
the  Sterno--if 


they^  are  unsure  of  the  test-- 
they  can  get  a  new  s e tup • 

Let   the  ch i Idren - work  at   their  • 
own  pace  with  these   tests.  You 
may  wish* to   have  them  work 
indep^endently  during  an    z'open"  \ 
period.     If  ybu  dO;    be   since        / - 
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TEACHING  SEQUENCE 

the  blue  vit-ri  repeat  the 
steps . 


The   resuljtS/   which  tH^y  should 
make   a  record  gi ,   will  be  as 
follo^: 


Object 

coated  nail 
nai  1  ^ 
coat  ing 
blue  solution 
colorless  solu- 
tion 


Green  flame? 
^es 

no  .  ^ 

yes 

yes 

no  ^ 


As  expected,    the  .pink  coatings 
and  the  blue  vitriol  solution 
do  indeed  yield  the  charac- 
teristic green  flame;  These 
two   substances,   which  appear 
S(j  different^   have  Svomething- 
in  common"--cop|>er . 

Thus  the  original   int*eracl^ion  ,^ 


BLUE  VITRIOL 
SOLUTION^ 


and  NAIL' 


as  a  result  of  the  various 
tests  of  their  model\  can 
confidently  be  writt/en  as 
follows: 


COMMENTARY 


there  will  be  a  minimum  of 
traffic   in  their  work  area, 
and  that  all  safety  precau- 
tions are  observed. 


_^  COLORLESS 

SOLUTION  -  ^^^^  COATING 


COPPER  SULFATE 
SOLUTION  / 


and  IRON 


ll^ON  SULFATE 
SOLUTION 


and  CO'PPER 


EXTENDED  EXPERIENCE; 


What  do  you  predict  will  happen  if  a  nail^  is  allowed  to  inter- 
act with  copper  chlor i,de?      -         ,  ' 

Write  the  tentative  word  des crip tion  for   the  interaction: 

'   COPPER  CHLORIDE   AND   IRON   ^ — >   COPPER  AND      ?  ? 

Will   copper  come  out?     If  so,  what  will  be  left  in  solution? 
(See   if  they  predict  iron  chloride,)     oThe  children  can  pursue 


MINISEQUE;NCE  III/Activity  4 


this   inve's t iga^on  duplicating  wha^^tH^ey  did  with  copper  sul- 
fate:     that   is,    first   identify  the  characteristic  crystals  of 
copper  chloride    (elongate  and  bluish  green).     After   the  inter- 
a^ction  with   iron,    t  he  '  charac  ter  i  s  t  i  c  color   disappears   and   the  \ 
crystals   can  no  longer  be  recovered.      There   is   no  more  coppex. 

(Chloride   in   the   solution.    'At  the   same   tir\e,    a  copper  coating 
again  appears  on   the   nail.      This   interaction,    as   compare'd  with  . 
that  involving  copper  sulfate,    is  much  moife   rap\d.      If  steel 
wool   is  used,    there   is   a  very  fast  deposition  of\ copper  with  " 
a   loss   ixyoYie   color   in   the   solution   immediately/  surrounding 
the^  steel  wjol.      (In   fact,    the  copper   chloride   i^  so^much  more 

'reactive   thjn   the  copper   s^ul  fate  'that   it  will   be*^  displaced  by 
ordinary ^gmiminum  foil.     Aluminum  is   usually  protected  from 
interactions  by  a  very  adherent  oxidfe^coat.      The  copper  chloride 
p-enetra.tes   this'  cjoat.     The  ^Juminum  then  dJ-splaces   it   from  solu- 
tion,   just  as   the   iron  9id,    forming   free  copper,    and'  the  alumi- 
num replaces   the  copper   in   the  solution,    forming  aluminum  chlo- 
ride,) . 


in  a  manner   similar   to   the   flame   tests   they   just  completed,  the 
children  may  want  to   test  the  products   of   the   interactions  for 
tlie  presence  of  copper  units.     The   repeat  Qf   the  interaction 
with  this   sec^d  copper   salt   serves   to   reinforc^  the   concept  of 
a  replacement   type  of  interaction  and   the   id^a  of  c<$t>per  as  a 
structural  unit. 


V'  
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Activity  5     Putting  the  Blue  Back  In 


In  the-  earlier  Activities   in  th'is  s  eque'nce  ^  the   children  were 
helped  to  develop  a  model  of  the  interactipn  between  a  nail  arV. 
copper  soilfate  built  on  the  premise  .that  copper  was  a*unit'af 
matter.      Copper  had  been"  originally  one**  of^the  component  units 
of  a  dissolve^!  saltC     In  the  pr-esent^  AcyjpTity  they  will  observe 
the   synthesis  of  a  olue,  copper  salt--th'^ units  of  copper  now 
doming   from  a  piece         copper  metal.     Here   for  the   first,  tim^ 
they  cause  ^inits  of  copper  to  leave   the   free  ^tate  and  becom^fe' 
associated  with  other  units   in'  the   form  of  a  salt. 

The  children  will   find  that  when  a  piece  .of  copper  is  immer^sed 
in  a  colorless  solution  of  s i Iver 'n i tra tp , , 'a  blue  solutiori  , 

>re,    the  appearance   of  ^he  blue  solution  is.  - 
ie  appearance  of  a  grey-  de;posit.     A  model  / 
us?ed  to  expLain  the   interactipn,  of  copper 
jail^^is   developed  ^to  explain  this   "opposite",  i 
type  of   exchange       ItF^is   sim^gested'  that*  units  of   "fr^-e"  copper 
exch^ge  with  ^yinTts  df  silver  in  the  dMSolved  s^i  1  ver^  ni trate 
to  f  o^-blUe  j:bp/per  nitrite  an^  ^ "  f  r  e  e  "^s  i  1  ver  .     The.  transfer'' 
)f  ufi^ts   of   cc^j>«r^  ijvto' -a  |alS^  is  conf^rrmed  as   children  a^ply 
all   their  prevJiojj^*  experiences,  pn'  the  properties'  of  a  dissolved 
copper  salt--tjpg^^terac  t.ion  pr^ppertiiss^  with  "an  '  iron  nail  and 
^the   flame  tes  t .  ^S^^^Kiscuss  i<^  of  their  results   emphasi.z^es  that 
not  only   can-  copper  take  p^rt  *in  sucfr^er^cchanges  ^   but  also  "iron 
and  silver.     As  ,  a>%a:BSult  of  these  Ac'ti  vi  tie^s  ,    it  rs  anticipated 

iirfi^t 
nami 


forms.  Furthel 
accompanied  byy 
similar  to  thi 
^sulfate  with 


that  the  concept 
establi shed-- whet 


a  component 
er  or  not- the 


of  iSa^ter; 
"atom''  ^is 

.  \  ( 


will  h  a*v  e 
appl i  ed . 


been 


MATERIALS   AND  EQUIPMENT: 


materials  necessary  to  pejrform  fla'^^e  tests 
aluminum  f6il,   ammonium  chloride  s^utian 


poly  f  oai 
,^  waf  m  t? 


cont^ainer ,    3  qt 


watej: 


(3 


is  available 


(Sterno , 
per  clips) 

^\  ■  '    '  ^ 

capacity,  unless 
classroom 


1     pint/white  vinegar household  variety      ^  ^ 
several  squat  contai^ners  for  th^   chemcaTs  other  than 


V 


the   silver  nitrate' 
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overhead  or  microproject'or  (-oi^ional)  with  extra  pieces 
of  copper  wire  and  silvex  nitrate_j»T>lution        '  , 
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/ 

For  each  group  of  4  or   5  children:  >  ^ 

A  smal.l  supply  of  the   following:      (about  1/8  teaspoon*) 

any  sodium^salt    (sodium  chloride,   sodium  thiosulfate, 
rsodium  sulfate, etc.)  *  / 

•f 

silver' nitrate  crystals. 

copper    (cupric)    nitrate  ^cryst^ Is    (optional)  ^ 

1  glass,  XoJ.d-f  a^hiqned ,  "  4-  to  >8-oz  capacity,  transpaxei>t 
plastic,  £r  gVas^s   slide  (optional^) 

_2--  (or  more)    testjtubes,    100-  mm  x  13  mm,   heat  resistant^ 
/  ^  ^  '  ^  '  « 

2  (or  more)   pieces  of  copper  wire,   at  least  18  gauge, 
about  4-1 /.2   in.    (12   cm)  long 


paper  towels 


.1     cup,   1-oz    (approximately  30-m3r)  ,  *Waxed  paper  or  plastic 

1    'jar,  'to  serve  as  test   tube  rack 

*     1    *iron  nail,    5  cm,   common,   with  steel  wool   to  clean*its 
_    surface  *    '  '  '        ^  *  "  . 


PREPARATION    FUR  TEACHING: 

Silver  nitrate  cry^stals   can  be  obtained  from  a  chemical  supply 
house  or  in  certain  drugstores.     Bef^y^  the  Act'ivity  begins 
place  about  1/8-te^spaori  of  silver  nitrate   in  a  test  tube  for 
each  group  of  children.      (A  group  size  of  4   to   5   children  has 
been  suggested  so  as   to  reduce   the  requirement  for  th^  com- 
paratively expensive  s^X^r^x  nitrate.      If  economically  feasible,, 
[you  can  considerv  decreasing  th^  'group. size.      If  so,   alter  the 
\pther  requirements   accordingly.)      The  quantity,  is  not  critical-- 
W  ^  th  e   test  t^bes   recommende^,    ^his  would  \fill   them  to  about 
1/2  cm.      It  is  advisable   for  you  to  prepire   them  for  the  chil-, 
dren  "be.cause   if  they  should  accidentally   touch  the  -silver 

*  it  will  leave  dark  brown  stains  on  their  .skiin,  even 


nitrate 
i^  they 


observe  the  precaution  of  ^washing  it  off  i^mmediately . 


These  stains  wi-ll  eventually  wear  off.     Place   the   test  tube 
with  the   sw;iver  nitrate   in  the   jar   "test  tube  rack"   for  each 
.group  of  children  to  help  themselves.     The  other  test 'tube  can 
be   filled  with  the   same  amount  of  ,the  other  salt  by  the  children 
or  by  yq^u.      If  the  children  are   to  t^ke   t^edr  own  supply  of  the 
sodium  salt,   place'^it  in  containers  with  adequate  dispensers 
as   in  tfxe  previous^  Activities  .  \^ 

The  vinegar,   diluped  wit'h  an  equal  amount  of  water,   will  again 


234 


24-3 


MINISEQUENCE  Ill/Activity  5 

i 

be jaTsed  as  a  d^p  for  an  iron  nail.     As  before,   each  group  of 
childreen  wiJJr  take   their  supply  in  a  small  cup. 

Before  iSeginning  Section   3,   place   a  supply  of  warm  water    (40°C  " 
to  50°C)    in  the  polyfoam  o-ontainer.     Place  enough  30-ml   cups  ^ 
^^next   to  it  so  that  each  group  of  children  cah  take   its  own 
supply  of  water. 


ALLOCATION   OF  TIME: 

The   children  will  need  1-1/2  to  2   hours   to   complete   this  Activity, 


TEACHING  ''SEQUENCE^ 

1.      Remind  the  children  of 
the  interaction  they  have  just 
been  inves tigating--whe/e 
copper  units   from  a  salt  were* 
exchanged  fpr   iron  undts    to  ^ 
produce   "free"  "copper   and  an 
iron   salt :         •  ,  •  ' 

COPPER  SULFATE^  AND  .IRON  


COMMENTARY 


•  What  do  you  predict  would 
happen   if  you  could' do  -the 
opposi te--that    is,  take 
"free"   copper   from  a'  wire 

^  or   penny    (or  copper  coat- 
ing)  and  link  it  up  with' 
a*  partner   in  a  salt?  , 


•  How  would  you  know  if  cop- 
per  units   leave   the  wir'^e^  '*'^)., 
and  form  partners  wi^h 
^      other  units   to  .form  a  - 


COPPER  ^ND    IRON   sGlFATE ^ 


copper  salt? 


Sugg^t  that  the  children  in- 
vestroat^  the  interaction  of 

^oppeTT  ^ith   soluti'Dns  of  so- 
lium  c  h To  r  rde  ~a         irl  v  e  r 
nitrate.     Write  the  names 

_  of  the  two  substances  on  ifhe 
chal'kboard.  "  ' 


yc. 


/ 


Look  for  the  cop^e r  uni t s  in 
the  liquid  or  in  any-new  solid 
which  might  appear.  The  chil- 
dren Will 
that 

teristic   green  color  'in* the 
flame   test,    this  would  Miell 
them  that   the   copper  had 
changed  places . 


probably  suggest 
if   it. gave  the  charac- 


Any 

sulfate,   etc),  can  »be  used  in 


sodium  salt   (sulfate;  t'hio- 


this-  activity 


2i4 
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TEACHIHG  SEQUENCE 

•  ifrhat  do  you  think   are  the 
u-nits   in  sodium  chloride? 

•  in  silver  nitrate? 


•  What  could  be  used  as  a 
source  of  plain  copper  to 
replace   the  sodium  or  the 
silver  in  these  materials? 


Distrifc^iTte   two  pieces   of  coj)- 
per  wire  'to  e»ach  group  of 
children,   along  with   a  jar 
holding' a  test  tube  contain-^ 
ing   the  silver  nitrate.  If 
the   remaining  test  tubes  3o 
not  already  have   the  sodium 
salt  in  them,   ask  the  children 
to  hel^  themselves,    using  the' 
same  techniques   as  when  they 
obtained  samples   bf   the*  cop- 
per salts. 


Next,   each  group  should  get  a 
supp ly  of  warm  water   in  the 
small  cup  and  add  some  water 
to  e^ch/salt  until  thQ  test 
tube  isj  between   1/2  c^ridvl/4 
full,  ^ 


COMMENTARY 


Sodium  units  and  chloride  units 


From  the  name,   silver  linits  and 
nitrate  units.      In  some  ^ays 
it  woi^d  be  nice   if  a  silver 
or^ot^r  sul  f  ate  could  be  used 
in. this  Activity--in»  that  case, 
copper  sulfate,   the  salt  with 
which  they  sta<rted,   would  be 
obtained.      However,    since  sil- 
ver  is  one  of  the   few  uni^s 
which  will  exchange  with  copper 
and  allAw  the  copper  to  go  into 
solutioq,'we  are   forced   to  work 
with  a  soluble'  silver  salt"-"-sil 
ver  nitrate.      Silver  ^suJ^f ate  is 
not  very  soluble. 


V 

If  no  one  suggests   trying  a 
piece  of  copper  metal    (or  the 
pieces  of  copper  coating  they 
aaved  frpm  the  jearlier  des- 
r   remind  them  of 
nai^l  was   used  to 
copper  in  copper 


placement ) 
how 

replace 
sul fate  . 


an^ iron 
tlie 


They  will   use  copper  wire,  not 
pennies,*  for  this  part  of  the 
invest^igat ion  b,ecause   they  want 
td  insert  the  copper  into  tlj^ 
test  tubes.     Also,   the  copper  • 
will  be  used  up  excessively  as 
it  interacts  with  the  silver 
ni trate--that  would  mean  the 
destruction  of  the'  penny*^ 

Be  surest  he  tube  containing 
each  salt  is  -properly  iden^ 
tified,  as  they  look  very 
similar . 


It  may   take  ^  little  whiXe  for 
-the   s^tsy  to  dissolve-.  "^^^j.^ 
copper  wire  shauld  be  used  as -^a* 
stirrer.      li  is   inadvisable*,  for 
the  children  to   invert  or  shake 
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TEA'CHING  SEQUENCE 


As 


they  add  the  water,  have 
the   children  describe  the 
properties  of  these  salts. 


If  the 
shiny, 


copper  wire  is  not 


the   children  should 
"clean  it  with  some  steel  wool 
One   end  can  be  slightly  bent 
so   the  wire   can  be  used  more 
efficiently  as  a  stirrer. 
Then  one  wire  sh,ould  be  in- 
serted  into  each   of   the  two 
solutions.     After  stirring  a 
few.timas,   have   them  observe 
each  system" carefully  and 
report. 


•  What   do  you  observe   in  the 
silver  nitrate  solution? 


t*  * 


While  the  interaction  is-  pro- 
cee^ing/   encourage   them  to 
develo'p  hypotheses  as   to  what 
might  b«  happening.  What 
might  be  producing  the  blue 
in  the  solution?     what  might 
the  -greyish  material  be? 


COMMENTAflY 


dissolving . 
le t ' them  do 


the  tubes^to  ensure 
Definitely'  do  not 
this  witft   silver  nitrate  since 
it  might  accide'ntly  touch  'their 
skin  or   interact  with   the  cork. 


They   should   include   such  prop 
erties  as   color    (both  are 
white) ,    crystalline  appear- 
ance;   and   the  interaction 
property  with  water--both  are 
soluble-,    forming  colorless 
-solutions   in  water. 


After  dissolving.,    no  chan^^e 
will  be^  noticed  in  th^^^^dium 
salt  solut ion--an^..^i^terac t ion 
with   the   copper/^oes , npt  ap- 
pear 'to         taM^rxg  place.** 
Withdn  a  minute,  hojwever, 
dis  t  inct -ef?anges  -will  be  ap- 
parent in   th-e  tube  containing 
the   dissolved  silver  nitrate. 
This  phenomenon  will  continue 
to ^generate  excitement   for- at 
least  the   next  half  'hour. 

A  greyish  deposit   starts  to 
c^ver  the   copper^  wire.     Within  ' 
a  few  minuteS/   a  l^lue  color 
will   appear  in   the  solution 
around  the  wire* 

Ail.  the  while^'-the  so]^ution 
will   be^  getting^  bluer.  In 
30  minutes   to  an  hour  ;  "  glis  tefi- 
ing- silver  crystals  will  form, 
sometimes   in«  the   form  of  a  < 
beautiful   si^lver  tree.     As*  the  ^ 
interaction  continues,  some 
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;quence 


With^.  thes e/ quest iona.  in  mind, 
ha\re  them/set  aside'this  test 
tube  and  /the  one  containing 
the  so4i/uin  solution  until,  the 
next  time 

2,      Wtyfen   th6   children  have 
Sretrijfeved  the   test   tubes,  ask 
them/what   the   systems  look 
like  now. 


•  What  do  you   think  turned 
the  liquid  blue? 


•^'>Wjat  about   the   copper  \fire 
they  started  with?     What  ^ 
does   ife   look  like? 


With  €heir  help  construct  a 
model  of  the   interaction  with 
silver  nitrate.     Start  by 
writi«ng.  the   first   half  of 
the  word  equation   for^  what 
hap'pens   in  the  solution: 


COMMENTARY 


children   in  the  group  should, 
occasionally  shake  the   tube  so 
that   the   silver  that  is  forming 
falls   to   the  bottom,  exposing 
more   ftesh  copper . 


The   test   tube"^  which  co;it.ained 
the   silver  nitrate  i^ill  be 
distinctly  blue?   the/tube  con- 
taining the  sodium  .^alt  will 
still   show  no..chang/ 


Some   ch'i'iHren  may  /associate 
the  blue  ,col^r  wi/th  copper  ( 
salts  merely  on  xhe  basis  of 
their  ,experienc^  with  copper 
sulfa^te.      (If  they  worked  with 
copper  chloridfe  in* the  preced- 
ing Activity ,    they  are  even 
more   lively  to  make  »fchis  as-: 
socia tion  .  ) 

In  some  cases*' it  jnay  have  dis- 
appeared completely.  ^  In  other 
cases   it  appears  distinctly, 
smaller.     At  the  same  time, 
there   is  now  a  considerable 
deposit:  of  grey  material   in  the 
test   tube . 


SILVER  NITRATE   AND  COPPER- 


AND 


Hopefully   some   children  may  / 
exchange   the* copper  and  silver 
and  suggest  that   copper  ni- 
trate is   forming  along  witi^ 

238     *      .         '  '  •  24  / 


If  the  children  appear  to  have 
trouble  suggesting  the  dis- 
placement  description,  repeat 
on  the  board  what   they  found 
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TEACH ING  SEQUENCE 


^plain-,    "free"*  silver.  There- 
fore on  the   right  side  of  ^Jjg 
word  equation,   SILVER  should 
appear  but   not   copper.  The 
copper  went   into  units  of  a 
salt  which   is  blue . 

•  Is   the  s*alt  copper  sulfate? 


Now  -  construct  th-e— cLpmplete 
model   for  the  interaction: 


SIL^;^ER  NJT^A'TE  AND  COPPER- 


AS  you  write  the  names,  the 
interchange   between  the^  silver 
Cinits  and  the  cogper  units 
should  be  di"scusse^->-copper 
became   a'comppnent  un^t  of  a 
soluble   salt  cal-led  cppper 
nitrate  and*  the   silver  was 
"freed"   and  appeared  as  the 
metal,  silver. 

•  How  can  we  be  sure  that  the 
•'^ -copper  units  went   into  the 
.bl\ie   SOTstance   formed  in  * 
the  water? 


In  the   discussion  the  children^ 
shoi:^>Ld  bring  up  both  1)    the  • 
green  flame   test   and  2)  inter- 
action with   an  iron  nail . 
That  is,   i_f   they  obtain  a'' 
positive  flame  test  (green) 
from"  the  bl.ue  solut.ion,  this 
would  -be  evidence  that  copper 
units  wemt   into   solution.  And 
if. a  new  iron  nail  can 


COMMENTARY 

when  the  iron  interacted  with 
the   copper  sulfate. 


If  some   children  say  yes*,   ask  ' 
them  where  the  sulfate  came  ^ 
g^i:om.     Help  'those  who  seem  un- 
sure to  "See   that   the  substance 
on  the  right   is  probably  blue 
copper  ni fcra  t e . 


J,. 

-^SILVER  AND   COPPER  NITRATE 


Stress   the  similarity   to  the 
interaction  betj^een  iron  and 
'copper  salts.     There,'  i-ron  and 
copper  units   change  places. 
Iron  is   "used  up"  and  copper 
is   "fre^d."      ^  ^  ^ 


Some   children  .may  suggest 
evaporating  the  blue  s^ol.ution 
an^d  looking  at  the  crystals. 
If   they  do ,    they  should  realize 
that   they  would  havp   t(jj  com- 
pare the  crystals  with  those 
from  known^  copper  nitrate.  If 
copper   (cupric)   nitratis  -Crys- 
tals  are  available,   they  should 
be  encouraged 'to  make   this  com- 
-par ison .  , 


Eliciting   the   secooid  .sjiggestion 
may   require  leading  questions , 
such  as:      If   this    i_s   a  copper 
sa*l  t   s'olut ioo  ,  will  i  tMnter— 
act  with  an  iron  nail  :as  the 
copper  sulfate  did? 
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TEACHING  SEQUENCE 


displace  copper  out  of  the 
blue  solution  and  re-forms 
metallic  copper,   this   also  • 
would  be   evidence   that  copper 
was   in   the  solution. 

3.      Before   they  start  to  test 
the  solution,   have   the  chil- 
dren filter  it/   because  it 
may  contain  a  considerable 
amount  of  silver.     As  '4:hey 
did  in   an   earlier  ActLvity, 
they  can  make  a  small  filter 
with  a   square  piece  of  paper 
t6wel   formed   into  a  cone. 
Filter  'into  9ne  of   the  1-oz 
cup^. 

Once  the  blue  sqlution   is  fil- 
tered/*^  have   each  group  divide 
it   into  two  parts.     One  part, 
can  be   placed  in  a  small  cup 
and  one   in   a  test  tube.     Two  , 
members  of   the   group  can'  use 
the  first  part   for   thre  flame 
test  anci  the   remaining  chil- 
dren can  use   the  other  part 
of   the   solution,   in   the   tes.t  t 
tube,    for   the   interaction  with,^ 
the  nail. 


» If   they  are   using  a   nail  fresh 
out  of   the  box,    it  shoul(3  be 
thoroughly   cleaned  with  steel 
wool   fi^rst.      ('^f^the  nail  had 
previously  been  used  in  a  cop- 
per solution,    this  will  not 
be   ne^^sary.).    Then,    in  the 
•case  of  copper  nitrate,   it  is 

,  e.ssential   that  the   nail  te 
dipped   in  a  smaLl  bit  of  di- 
lute vinegar  solution.  Aftey. 
dipi>ing,   excess   vinegar,  can 
be  abso}|bed  on  a  paper  towel. 


COMMENTARY 


The  purpose   is   to  separate  oMt 
p  the  silver  metal  which  has  col- 
lected.    ,This  powdery  precip- 
itate should  be  saved.  'There 
may  be  a  local  m«arket   for  re- 
covered si'lver. 
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In   flame   testing  the  solution 
of  - the   supposed  copper'  nitjrate/: 
the   children  should   f ollow;  the-'^ 
same  procedures  as   in  testafig 
copper  sulfate,   .including  the 


dip  in  the 
solution.^- 


ammo  mum  c  hlor  ijde 


The   flame  will  be  a  distinct 
greei^color,   the  same  color 
they  obtained  from'  the-  copper 

i 


wire 


As   mentioned  in  Activity   2,. the 
vinegar  dip  is   required   for  the 
interact  ion  with   iron  by  cer- 
tain copper  salts ,   some^  of 


MINISEQUENCE  III/Activity  5 


TEACHING  SEQ.UENCE 


as^efore,   and  the  nail   in- ^ 
serted   into,  the  test  tube 
containing  the  blue  solution. 


The  appearance "of  the  copper 
on  the.  nail,  plus  fhe  green 
flame  test,  is  positive  evi- 
dence that  the  blue  solution 
contains  c^q^pper.'  By  now  the 
children  should  be  convinced 


that   copper  units  went  from 
the  wire  -into  a  soluble  salt-- 
as   the  word  model  .  indi cated . 


For   the  purpose  of  the  discus- 
sion,  it  is   important  that 
children  be  helped  to  under- 
stand that   in  the   first  inter- 
action,   unit  par'ticles   of  cop- 
per went   into  solution  ^^goe- 
came  associated  *^ifitti  n^^^Hpe  . 
In  the   second  interaction, 
the   same   unit  parti cles  of 
copper  appeared, as   a  deposit 
on  the  nail  as   the   iron  inter- 
atrted  with   the   copper  nitrate 
and  freed  the  copper  unit: 


SILVER  NITRATE   AND  COPPER 


COPPER 
 ^  


NITRATE 


Xnd 


IRON 


ERLC 


COMMENTARY 


which,'  depending  on  their 
concentration,   need *a ^slightly 
acidic   environment.  Without 
the   vinegar   the   cdpper  may  not 
"p.late  out,"  ^ 

Immediately  on  immersing  the 
blue  solution,    copper  wiMl 
start  to  appear  on,  the  nail, 

f  the   solution   is  dilute 
enough,    and   if  the  nail  is 
left   in^    copper  will  continue 
to'  form  until  all   the  blue  dis- 
appears.     (Here   again,  however, 
if   left  partially  expos-ad  to 
the   air,    some  rust*  may  also 
start  to  appear,)     As   the  nail 
interacts   with  the  blue   solu-  ' 
tion,   again  a  replacement  of 
units   takes   place:      the  cop- 
per  units   come  oujb  and  iron 
takes   its  place.     The  coloi: 
of  the   solution  gradually  be- 
comes green  as   i i;on  -nitrate 
is   formed  at  the  e^npense  of 
the   copper  nLtrate.     See  ^ 
the   children  realize  what'is. 
going  on   in  '  this   second  interr 
action  before  any  dTsclission 
of  it. 


COPPER  NITRATE   AND  SILVER 


-^IRON^  NITRATE  AND 


COPPER 
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MINISEQUENCE  Ill/Activity  5 


TEACH  IN*^  S^EQUENCE 


Bring  the  discussion  together 
to'  dnclude  both  interactions 
and  to  emphasize  the  unit  par- 
ticle, idea:      both   the  popper 
and  its   salts  contain  units 
of   copper;    the   silver  and  its 
s^lts   contain  silver  units; 
the  iron  and  its  salts  con-* 
tain  iron  units. 

The  concluding  discussion 
should  attempt  to  generalize 
about   these   units,   which  ap- 
pear to  be  part s  of  larger 
molecules  but  are  also  able 
to  appear  alone.  •  These  Ac- 
tivities  focused  d-n  the  cop- 
per u-nit  and   followed  it*from 
a  component  in  a  salt,   to  the 
free  metal,   back  into  a  salt, 
|nd  finally  i;ito  the   free      *  ^ 
metal   ag^in.      Similarly,  i^o.n 
units  were   free*  ip  the  nail 
but  could  become  paiTt  of  a 
so.luble   salt  and  they  saw 
units^  of  silver  come  out  of 
a  colorless   solution  as  cop- 
per units  went  in  to  'take  ' 
their  place. 


CX^MMENTARY 


Use  of  the   t^rm  "models"  of 
these   two   interac tio-ns  during 
the   discussion  will  help  t^o 
emphasize' the   integrity  of 
each  particle  unit  and  its 
ability  to  be   "^ree"  or  "alone," 
as  a  metal,   or  a  partner  of 
other  unit  particles   in  other* 
molecules.     They  will^,also  help 
to  emphas i^e   the   "movement  of 
units  of  copper  from  the  metal  ♦ 
into  a   salt  and  out  again. 


TSke   children   should  not  be  mis- 
;led  into   thinking   that  any  unit 
can  be  so  easily   freed.  Cer- 
tain interactions   can  take^ 
place  readily,  others  cannot. 
Although  copper  could  readily 
be   freed  from  ^a  blue   salt  by, 
^ron    (and  sojne  other  metaiis), 
'it  would  be  more   difficult  to 
free   the  iron/   say,   from  iron 
sulfate.  ^  Similarly,    there  are 
only  ^   few  substances  which 
will   spontaneously  exchange 
with  the  metal  copper  and  put' 
it  back   into   a  -^alt.     One  of 
those  substances   is  silver. 


EXTENDED  EXPERIENCE: 


-An   interesting  variation  on  ^h'e   theme  develop.ed  in   this  Activ- 
ity can  .be  carried  out  using  copper  and  vinegar:      If  the  chil- 
dren put  a  penny    (polisl^.ed  with  steel  wool,    if  necessary)  into 
a   small   jar,    co^ver  it  with  white   vinegar    (undilute'd )  ,   and  s6^ 
it  aside   for  a  day'  or  so^    they  wil]^  observe   the  same  kind  of 
interaction  ^s  with   the  copper  wir6  and  silver  nitrate.  (The 
products,   however,   will  be  different.)     A  blue   solution  will 
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MINISEQUENCE  III/Actiyity*  5 


appeax:  around  the  penny*  , Again,   tests  of^  tK'e  solution  will 
reveal   the  presence  of  cbpper*      It  produces   a  distinct^ green 
flame  test  and,   if  allowed  to  evaporate,   the  resulting  deep' 
blue  crystals  will  also  give'  the/'green  flame  * 

In  order  for   the  children  to  understand  what  is  happening  in 
this  reaction,   tell   them  that  vinegar  .is  a  solution  of  acetic 
acid.     Acid  molecul.es  al:l  contain  hydrogen  and  thus  acetic 
acid  could  be  called  hydrogen^  ace  ta'te .     What,   then,   is  the 
blue  substance  in  the  solution?     The   following  word-equation 
can  des cribe   the  interaction : 


COPPER  AND   HYDROGEN  ACETATE- 


i  ? 
-^COPPER  ACETATE  AND  HYDROGEN 


The  vblue  substance   is   another  copper  salt,    coppeV  acetate.  As 
they  view  this  ifiterchange  df  copper  units,   help  them  to  see 
Its   similarity  to  the  other   interchanges   in  which   copper  moved 
into  a  molecule  to   form  a  salt  o-r  fcoved  ou-t  of  a  molecule  to 
form  the  metal. 
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Minisequence  IV 
A  Tendency  To  Spread  Out 


It^  is   i*n  this  Minisequence,  that  CQPES  develc5ps   the  culminating 
idea,s   in  the  conceptual   scheme,    Degradation  of  Energy.-  In 
Gra<Je   5,   Minisequence   IV,*  reference  was  made  to.  the  obse^vatio'n 
that  in  an^  practical   system,   while   the   total  amoun't  of  energy 
remains   constant,    there   is  a   tendency,  for   it  to  be   converted  to 
heat.      In  gene2:al\    this   is  a  J.ess  useful   form  of   energy  than 
mec>ianical   energy,    or  electr  i^al^  ene^rgy ,    etc.,    because   it  cannot 
be   converted  efficiently  to   these   forms.     That   is,    whi;Le  mechan- 
ical energy  or  electrical   energy--or   any  other  conventional  form 
of   energy--can  be   completely  converted  to  heat  energy,    the  ife- 
verse  turns  out  to  be   impossible.*   For   example,    irt  can  be-  shown 
that  in  order   to   have   heat  energy  do   useful   work,   as   it  does  in 
^a  steam  or  gasoline'engine ,   there  must  be  a   teinperature  differ- 
ence between  the   inPet  and  outlet  regions  of  the   system.  T'he^ 
greater   this   temperature  difference*,    the  more   efficient   is  the 
process  of  convei:sion,    although''  for  all  pfactical  purposes  the 
conversion  does  not  even  approach  being  100%  efficient. 

Thus,    since  all  practical   systems  convert   some   energy  to  heat 
(because  of   friction) --and  .this  heat  energy,    i*fi   turn,  cannot 
be   fully  converted  back  to  other   forms--it   follows   that-  the 
ftotal   energy  of  the  Universe   is   gradu^Tly  being  transformed 
to  heat, energy.     This   is  known  as   "The  Degradation  of  Energy," 
implyin(^  'only  that  the   energy   is   being  degraded   to  a  less  use- 
ful  form.  r 


r 


ERIC 


We   know  that   the  direction  of  heat  energy  transfer   is  from 
regions  of  higher   temperature   to   regions  of  lower  temperature. 
If   we   think  of  temperature   in  terms  of   the   kinetic   energy  of 
the  molecules    (or   structural   units)    of  ^e   substance,   we  can 
understand  why  heat  transfer  occurs   in  this   direction.  The 
"high   temperature"   molecules   collide  with   their   i mm e d j. ^t^e 
neighbors,    which   in  turn  collide  with   thei  r  '  ne  i  ghbor  s  ,  and 
in   this  way  "transmit"   the  energy  of  motion    (kinetic  energy^,*- 
from  the  high   temperature   region^to   the   low.     The   reverse  is' 
impossible   simply  because  the' molecules   in  the   low  temperature 
reg  ion  do  not  have   enough  energy   to  add  to   the   already  hi'ghe  r 
energies  of'their  ne.ighbors.     The   illogic  of  the  i^'everse 
situation  should  also  be  apparent   from  the   fact   that^^if  heat 
transfer,  c6uld  occur  spontaneously   from  regions   of   lower  tem- 
perature  to  higher   temperatures,    thd   low  temperature  regions 
would  become  colder  while   the   higher   tempera^iure   regions  be- 
came hotter--which ,   of  course,  .i's   contrary   to  expedience.  This 
is  what  happens   in*a  refrigerator  only  because  outs ide  work  is 
done  on  thre  system  by  way  of  an  electric  motor. 
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It  is  convenient   to   think  of  "^higher   temperature   regions   as  hav^-  ^ 
ing  higher    "concentrations"  of  heat  energy-- that   is,    higher  con- 
centrations of  more   energetic  molecules.     Then,    just  aS  higher  * 
concent4;ations   of  ^molecules   tend  to  equalize  by   slpreading  out 
(as   in  a  drop  of   food  coloring  added  to  wateV) ,    heat  energy 
tends'to  spread  out   from  regions  of  higher 'temperature  (higher 
concentration)    to   regions   of   lower   temperature    (i^ower  conc^entra- 
tion).       The  reverse  does   not  occur.     One  would  not   expect  to 
find   a   drop  of    food  coloring  become  more   concentrated  when  added 
to  a   liquid   such   as  water.      This   tendency   for  matter   to  spread 
out   and   thereby  equalize   concentrations    is   analogoHis   to  the 
spreading  outf  of  heat  energy,    and   is   therefore  useful  as  a 
means  of  conveying  th'is   concept   to   children,  ^ 

The  degradation  of  energy  'is  a  very  important  conceptual  idea 
in  science  because   it  predicts  what  must  happen   in  any  real 
situation,    as   well   as   the   ultimate   fate  of  the  Universe.  If 
the   energy   in   the   Universe   is   being   transformed   to  heat,  and 
the   heat  energy  distributes   itself  unifo^rmly   throughout  the 
'Universe,    it.  follows    that   the   Universe,    as  we  know  it,  must 
eventually   run  down, 

TJ\e   first  "Activity   is   a  review  of   the   conept  of  'heat  energy  as  , 
applied  to  mixtures  of  water ^samples ,    as   investigated  by/the 
children   in  Grade   4,    Min  i  s  ecjuence  ol  I  .      They   review  the  d) 
tion  of  the  heat   energy   unit    (h,e,u,),    and   through  quantitative" 
observat iorps  'cone  lude   not  only   that  heat  energy   is   conserved/,  in 
water  mix^s,'  but   that   it   "spreads  out"   froin,  hig*her  temperature 
regions   to   lower.      In   the   next  Activity ^the   children  continue 
their  study  o'f   the   effect  of   the   "spreading  out"   of  ' heat  energy. 
For   example,    they   find  that,   given  two  samples  of  water  at  dif- 
ferent temperatures,    the  one  at   tfie   lower   temperature,  while, 
containing  more  heat  energy   thajA  the  higher   tepiperature  sample 
(because  of   its   greater  volume/,    is   unable  to  melt  a  certain 
solid  while   the  other   can.      M  other  words,    the   energy   in  the 
lower   temperature   sample   is  degraded--^n   the   sense   that   it  is 
unable  to  perform  the  work  required   to  melt   the   solid  (break 
the  bonds )  . ^  ^ 

The   third  Activity   extends   this   experience -to  the   case  where 
water   samples   are   not  physically  mixed  with  one  another,  but 
are   simply  brought   into  thermal  contact.*     Here  the  chil^iren 
find,   as   expected,    that  the  direction  of  heat  transfer   is  from 
the  higher   temperature   sample   to   the   lower,*     The   same  "spread- 
ing out"   from  higher   tc3   lower   concentrations    is  observed  in 
fhe  next  Activity,    but  this   time   in  connect ion  Vi th   the   spread*  ^ 
of  food  color    (molecules)    rather   than  heat  energy. 


A  model   in   the    form  of  a   game  of   chance   is   introduced   in  Ac- 
tivity 5   to   account   for   this    "spreading  out"   or   transfer  of 
colored  molecules    form  regions   of  higher  concentration  to  re- 
gions of   lower   concentration.      Activity  6   continues   with  an 
experimental  model   that   is   analog'ous  ,to   that  of  the  previous 
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Activity,   but  one  that  actually  uses  colored  liquids  to  depict 
the   spreading  out  of  color   in  s^t^epwise   fashion    (a  gradient  or 
grada^tion  of  color  is  produced) --and  ultimate  uniformity  of 
color^  througlvout   the  model.     However,    in  this  case,    instead  of 
restricting  the  transfer  only  between  two   samples,    the  transfer^ 
takes  .pl'^ce  between  adjacent  cups   in  a   series.      In  this  way, 
the   system  within  which  the   transfer  is   taking  place  is"  open  • 
ended.      The   intent  is   to   lead  into   the   final  Activity  of  the 
sequence  where  heat  energy  is  added  at  one   end  and   is  ^removed 
by  the  surrounding  air  continuously.      It  too   i&  open  ended.  '  . 

.This   final  Activity  has   the   children  investiga,te   the  transfer 
of  heat   through  a  solid    (along  a  nail) .      Here   they   find  the 
same'  sort  of   spreading  from  the  higher   temperature  .end  of  the 
nail   to   the  lower,   with   the   same  kind  of  gradient   formed  as  in 
the   earlier  Activities  dealing  with  color   gradi^ats,   but  the 
gradient   is   that  of   temperature.      Thus   they  conclude  that 
whether   dealing  with  matter  or  energy,    there   is  a  tendency 
toward  equalization  or  §quilibrium--a   spreacjing  out  fronv 
higher  concentrations   to  lower. 

The   following  concepts  are  developed,  im  Mf niseg.iieiic^-4V,: 


When  two   samples   of  a   liqCN^  at  different   t empera ti^r es 
are  placed  in  thermal   contact,   whe^e  heat   energy  trans- 
fer can  take  place,  , 

a.  the  transfer  will  be   from  fhe   sample  at  the  higher 
temperature   to   that  at  the   lower  temperature; 

b.  the  total  heat  energy  in  all  parts  of-  the  system 
remains  a  constant*     Heat  energy  is  conser^ved.  i 

Although^  heat  energy   is  conserved  on  mixing  samples  of 
water  having  different  temperatures,    the  available  heat 
energy,   being  at  a  lower   temperature,    mcl^  no   Ipnger  be 
able*  to  perform  certain  work-^such   as   breaking  bon^s 
within  certain  solid  substances.     That   is,    the  heat^ 
energy  has  been  degraded.  ,  ^ 

There   is   a  natural  tendency  for  molecules   to  spread 
out   into  whatever  space  is  available   to  them. 

Molecules   tend  to^move   from  regions  of  higher  concen- 
tration^^ ^to   regionfe  of  lower  concentration,'  ju^t  as  ^n 
thetrahsferofheat^nergy.  ^ 

As   the  molecules   disperse,    (spread  aut  over  a  period  of 
tim'e),  th-ere   develops   a  smooth  gradation    (gradient)  in 
concentration  from^the  higher   to  the   lower  concentration 
region's  - "  I 

6.      Systems,    if  left   to  themselves,  "tend  naturally  towards 
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equilibrium,    e  •  g  •  ,^  equal  concentrations         molecules  and 
equal  temperatures..  ,  '    '  ^ 

The   spreading  out  into/r^ions  of  lower  concentration  an4 
the^ attainment  of  the/statie  of  equilibrium  should' be  thought 
of  as  a -"^TTet"'^  or  average  Effect.     At  th-e  molecular  level, 
some  ^olecules  may  be j^rtTving  in  the   reverse  .direction--int(3v. 
regions  of  higher  concentration. 


f. 
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Activity  1      The  h.au.  Revisited 


The  childr'en  wilt  begin  this  series   of  Activities,  which  is 
\  devoted  to  the  tendency  of  both  matter  and  energy  to  spread 
out  or  become   Les.s   concentrated,   by   consi'dering  heat  energy. 
In  order  to   fo<ius  on  the   spreading  out  of  he^t  energy,  the 
quantitative  concept  of   the  heat  energy  unit    (h.e.u.)    is  re- 
introduced  in  this  , first  Ac'tivity.      As   in  Grade  4  of  COPES, 
the  children  will   discover   that  the   heat  energy  in  a  water  sam- 
ple depends  on  the  volume  of  Wiater^as  w^ll  as^  on  its  tempera- 
ture.    Thej^  will  observe  that-Jpf  two  different-sized  samples 
of  water.at  the  same  temp^ature,    the   larger  sample  will  melt 
more  ice--a  measure  of  its   heat  energy  content. The  amount 
of  heat  energy  contained  in  each  sample  of  water,  expressed 
in  heat  energy  uaits,   is  a  product  of   its  volume  and  its  tem- 
•  per^ture.      Initially  the  product  is   arrived  at  by  a  grapHTcal 
area  count  as_they  prepare  bar. graphs  to   represent  the  two 
water  s.amples.     The  height  of  ,each'  bar  re'presents  the  temper- 
ature;   the  width,   or  number  of  columns,    rep^resents  the  volume-. 
Inspection  of  the  number  of  h.e.u.    squares   encl^osed  in  each 
ba-r  helps   the  children  to  explain  why  the   larger  sample  of  wa-' 
ter  was  able  to  do  more  work  in  melting  the   ice."^  Consideration 
^f  the  number  of  h.e.u.    in  the  water  mix  fo.rmed  by  combining 
the  two  samples  then  provides  them  with  a  review  of  the  con- 
cept  that  heat  energy         the  mix  is   the   same  as  the  sum  of  the 
heat  energies  of  the  two  samples  making  it  up^^- 


MATERIALS   AND   EQUIPMENT:  1 

6     polyfoam  containers,  minimum  siz^e   3-qt    (3-liter1,  with 
*  lids  V 

16     cups,   1-oz    (approximately   30-ml),   plastic  or  waxed 
"    paper  .  *  '  • 

2     plastic  bags,   approximately  ll-in.    by  13-in. 

75     ice   cubes*   (see  Preparation   for  Teaching) 

1    sroll  or  stack  of  paper   tb^els    (at*  least  60) 

In  additidn,    for  each  pair   of  chil^dren,    you  will  need: 

^   polyfoam  cups,   8-oz    (approximately  240-ml) 


ERIC 


2     stirrers wooden  or  plastic   f or  l>eVerages ,  popsicle 
sticks, etc. 
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1  thermometer,  '-20^C  to  +50^C,    plastic   backed,  e.g*, 
Macalaster  No.    2662  ^ 

2  pencils  and/or   felt-tip  pens 

♦ 

2     pieces  of  gr^ph  paper,    4   squares   per   inch    (or   2^per  cm)' 
PREPATIATION.  FOR  , TEACHING: 

If   tHe   comparison  of  the  amount  of  ice  melted  by  two  systems   is  ' 
to  be  meaningful,    the  same   size   ice  cubes^  must  be  used.  Also, 
for   the   conditions   set  up  in  -this  Ac tivi ty  ann^^e^^cuFe^^rhTc^^ 
yields   at  least   1-oz  of  .water   is   needed.      If   the   ice'  is  in-^ 
cubes,    then  the  minimum  siz^^e  would  be   1^1/4   in.   on  a  side. 
Ice   trays  with  molded-in  sections  are   ide.al   for  makin^such 
uniform  cubes  provided  they  ''are   filled  to  , the   same  height  so 
that  each  section  yields*  a  cube  of  the  specified  dlmensio'ns  .• 
They  can  be   filled  to  thq   same  height  by  placing   into  each 
section  a   unit  measure    (1-oz)    of  water.      An  even  more  conve- 
•nient  method  of  ob ta i ni ng^ un i f o rm  cubes   is   to   freeze  water 
directly  in  a   sufficient  number  of   the  unit-measure   gups..  Then 
each  cup  will   yielc^  the   same  size  and  shape   "cube,*'  'and  com- 
parisons of  the   iei*  remaining   after  experimenting  can  be  easily 
mad  e  . 

(  -  ■ 

When  you  are  ready  to  begin,   put   30  or  more   ice  cubes   into  the 
two  plastic  bag-6,    and  put   the  ^ags^  of   ice   into   two  of  the  po  1^- 
f oanT^cb^nraTnersT   " TTi e" "re ma i n" ivtg   four    insuTaTed  con tainer>-«^"ouT'd" 
b,e   2/3r  filled'  with  water  at  ^bout   20°C.-    Add  i  t  ional  ^  i  ce  cub^s 
will  be   needed  for  Section  3. 


ALLOCATION   OF  TIME: 


About   1-1/2   to  2   hours  will  eeded  to  complete  this  Activ- 

ity;    Mbre  time  may  be   necessary   if   the   children  have  not  had 
the   COPES  Water  Mix  Experiences   described   i'n  Minisequence  *I  I 
OS   the  Grade  4  Teacher's  Guide  or   in   the  Amer  i  can  .  Sc  i  enc  e  an-d 
Engineering    (AS&E)    booklet.   Water -Mix  Experiments. 


TEACHING  SEQUENCE 

-  \ 

1.      Show  the   children  one 
the   ice   cubes   you  ha^veApre 
pared  and  ask   them  what  is 
necessary   for   it   to  melt. 


of 


Commentary 


The   children  will  'undoubtedly 
respond   that  heat   energy  is 
required  to  break   the  bonds 
holding   the  molecules^ in  the 
solid.      (See   the   review  of 
this  concept   in  Activity  1  of 
Minisequence  II.) 
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-MTWrSEQCJENCE  IV/Activity  1 


TEACHING  SEQUENCE 


Which  do  you  think  would 
melt  more   ic?e,   water  at  a 


low  tempera ti^re  or 

same  amount*  of  wat^  ^t- 

a  higher   t  e  mp.a.^t  u  r  e  ? 


•  Suppose  the  two  samples  of 
W^ter  were  at  'the   same  tem- 
perature but  one  sample 
contained^twice^  as  ,much 
water  as   the  other.  Do 
you  think  -they  would  melt 
the  same  or  different 
amounts  of  ice?. 

Put  one  measure  of  water  from 
one^  of  the  yater  containers 
into  one  ^oam  cup  and  n\.ark  it 
wi  t h  , a  " l/y'  u t  two  measured 
of  wa^er  from  the  same  con- 
tainer, into  a  sepond  foam'  * 
cup  and  mark  it  with  a  "2." 

••What   is   the  volume  of  water 
in  each  sample? 


What  can  you  predict  about 
the  temperature  of   Qach?  - 


Now -have   th4  child  Va^e  one 
of  "'fehe   thermometers  and-  mea- 
sure  the   temperature   in  each 
cup.  o 

•  Do  you  think  the  samples 
diCf^r  in  the  ainoun t  of 
^\  heat  energ^y  they  contain? 

^  •   How  could   you   find  out? 


COMMENTARY 


Children  who' have  had  the  Wat-er 
Mix  ex^riences  wi.ll  know  that 


the   higher   temperaJiure  water 

Iwill  -melt  more   iW^,     if  the 
children  have  not-  had  these" 
-exp^ienc^^  let   them  try  it 
out  ,\isin^ ,   say,    2  measures 
of   the  water  at  20°C  and  2 
measures'of  40°C  wat^ir.  One 

-,inea.sjar_e_„Q,jf  WcLteiL.  is  .tlie^amount 
that  will   fill       1-oz  (30-ml) 

•  cup  to  th.e--fcu:im«  % 

'  •  /       *         .  ^ 

Even  children  who  have  had  the' 
Water  Mix  experience-s  may  be 

-unsure  of  w.hat  would  happen 
in   this  §.ituationS 


4 


The   samples  contain  different  "  ^ 

volumes:  one  has  2  measures,  ^ 
the  othe r  11- 

Since  each  sample  came  from 
the   s^me   reServoi  r  ,  ot hey  sho'uld 
be  at  tHfe.same,  temperature. 


Bo th  "S;|mplas  should/^e  at  «20°C.       y  « 

Encourage  ^the  children  to  ex-  I 
press   their  *  opinions .  " ^ g 


Hopefully,    som^  children  will 
relate 'the  amount  of  heat  en-, 
ergy  with  the  amount  of  ice 
which  could  be  melted.  Thus 
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V 
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MINISEQUENCE  IV/Activi€y  1 


TEACh'^NG  SEgUENCE 


The   children  can*  work   in  teams 
of  two.     Gi^   each  team  two 
poly  foam  cups,   a  thermometer, 
two   stirrers,    and   two.  paper 
toj^els.   ^  Each  team  should  ob- 
tain -two   samples   of  water,  one 
sample,  with   1  measure  -and  the 
other  with  2  m'easures.  ' 

Aftei-  the   children  return  to 
tsffeir  places     they  should 
place  the   cups  on  one  of  the 
paper  towels.  *n 

Using  the   same  thermometer, 
have  the  teams  check   the  tem- 
perature of  each   sample  being 
investigated  tQ.  be  sur^  •tfj:iey 
are   the  same. 


\ 


-ERJC\ 


.COMMENTARY 


they   couldv  find  out  by  seeing 
which  sample  will  mel^t  more  of 
thesoliaice. 


They  may  find  it^  helpful  to 
mark  the^ — s-aTTTpTe  cups  with 
1  and  a  2.  They  could 
corresponding  marks  on 
towel   in   front  o'f  e'ach 


also 
the 

sampl e 


a 

put 


The  'tempi^ratur e   should  be  the 
same.     Because  of   slight  varia 
'tions   in   response   between  ther 
mometers,    each*  team  should  .us}6 
the  ^me   thermometer   to  check 
bb th  ^samples .      If   there  are  • 
diff^erences  of  more   than  on 
or   two  degrees  in  readin^g 
temperatures,  -  the  ^following 


.  might  be   the  causes 


Failure  to 


the 


ther- 


mometer^£tt   eye  level 


Touching  the  bullD  of  the 
thermometer   with  one's  ^ 
finger.  \ 

Slippage  of  ?]Fie   stem  along 
the  plastic  backing.  Thi$ 
can  be  overcome  by  checking 
against  ot^jer-  thermometers  > 
for   tl\p*"true"'   reading  and 
then,   with  a  piece  of  cel- 
lophane or  masking   tape  at*  ^ 
the   top  resecuring   the  stem 
to  the-%lastic.      It   is  im- 
portant  that   this   slippage  ' 
not  occur.     Otherwise,^  the 
-Children  will  o b t a^lii^^r r o - 
neous   temperat  ur  e%r^^adings  , 
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MINISEQOENCE  IV/Activity  1 


TEACHING  SEQUENCE 


Next,    the  chi Idren  .should  use 
'the  other  paper  towel   to  ob- 
tain two  *ice   cubes  ♦     At  a 
time  signal,    each   chDld  in ^ 
the   team  should  put  one  of 
the   cubes   into  one'  of  th^e 
wa ter  samples   and  stir  gently 
with  a  stirrer   for  '3  minutes. 


When  the  3  minutes  is  up,  the 
children  should  remove  the  ice 
cubes^and  place  them  on  the 
paper  towel  in  front  of  their 
respective  cups.  Ask  them  to 
mark  the  size  of  each  -^cube  on 
the  paper  towel- 


/••Which  water   sample  melted 
more  ice?  ^ 

•  Which  water   sample  appears 
to  have   contained  more  heat 
energy?     ^     *  ^ 

•  What  two  properties   of  a 
water  sample  determine  how 
much  heat  energy   it  con- 
tains? 

^  , 
2.      At   this:  point,  distribute 
the  sheets  of  graph  papers- 
one   to  each  child*.  They 
should  also  have  pencils. 
Suggest  that  they   use  the 
graph  paper  to  represent  the 
heat  energy  in   the   one  measure 
of  water  at  20°C. 

This   can  be  done  by  letting 
the  height  of   a  space  repre- 
sent  1°C   and   the  width   of  the 
space  represent  1  measure. 
Since  the  water   in   their 'sam- 
.ple  was  at   20°C,    they  could 
count  up  20  spaces  and  make  a 


COMMENTARY 


The  stirring  should  be  contin- 
uous. ¥    -  N 


There  will  be  less   ice   in  the 
cube   that  was  removed   from  tfie 
sample  which  con'tained  2  meaf- 
sures.  o  f  wa t^r  . 

The  paper  towel  record  should 
be  saved   for  reference   in  Sec- 
tion 3. 

The  l^^rger  s.ample  melted  more 
ice*.  '  ♦ 

Since  the  larger  sample  melted 
more   ice,    it  must  have  con-  - 
tained  more  heat  energy. 

Both  temperature  and  volume 
determine  the  amount  of  heat 
energy  in  a  sample. 
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You  may  find  it  helpfusl^to  use 


mi|i|?equ|:nce  iv, 


1 1"' 

:ilfty 


TEACHING  SEQUENCE 


mark  "across   the   top,  ,They^ 
shpuld  do   this,    starting  a 
few   spaces   from  the  bottom 
of   ti^  paper.      By  retracing 
the   lines   around  a  single 
column  of  20   squares  with  a 
pencil,    they  will   then  have 
represented   the   sample  of 
water.  ^  They   can  use  felt-tip 
pens   to  color  in   lightly  the 
squares         the   column.  Each 
square  tan  ^e  thought  of  as 
a  heat  energy  unit  (h.e.u.)! 


•  Jiow  many  heat   energy  units 
aire  shown   in  this  ^represen- 
tation?  - 


Next, 
they 


ask  th  e 
could 


children  how 
their 
'the 

orie   containing  2  measures 
of  water  at  20*'c'. 


represent 
other  sample**of  waters- 


How  high  shbuld 
sentation  be? 

•J  ^ 


the  repre- 


How  wide   should  '  it  ibe.? 


UC 


COMMENTARY  i 


a   grid  on   th^  chalkboard  pr 
overhead  project pr  a^  you .dis- 
cuss  the  wa^^'.of  representing 
this  with   t'he  children. 


If  felt-tip  pens  are^  not  avail- 
able  for   shading  in  the  heat 
energy  units   on   the  graph, 
their  pencils   can  be  used  to 
Crosshatch  the   area'.  Crayons 
are   not   recommended  because 
they  make  heavy  marks   that'  ob- 


sc.ure  the 
ficult;  to 
squares . 


grid, 
count 


making  it 
the  h  .  Q  .\i , 


dif- 


The  heat  energy 
de  fined  here  as 
high  and 
pressing 


unit   is  being 
1   square  (1*^0 
(1  measure)   wide,  ex- 
the   fact  .that  the  ^ 


cCmount  of  heat   energy   is  de- 
termined by  both  the  tempera- 
ture  and   the   volume  of  a  sam- 
ple.      Thus,    this  representation 
of  1  measure  of  water  at  20®C' 


shows 


20  -h, 


The  h : e . u . 
Activity  2 
in  Grade  4 


squares 


was    introduced  ifn 
of  Minisequence  II 
If  you  feel   tha<t  « 
the,  children  need  a  mo-re  ex- 
tensive  introduction   to  it  . 
here,    refer   to   t^ha-t*  Activity.  / 


Since   the   temperature  of  this 
sample   is   also   2(yc,    tffe  height 
should  "be   the   sam^e  a.s  before. 

Since   the  width   represents'  the 
volume,    they  m^ust'^'mark  of-f  two 
columns  of  squares   to  repre7 
*6ent   the   2  measures  of  water 
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MINKEdUENdE  IV/Activity  i 


TEACHING  SEQUENCE 


Have  the  children  outline  an 
area  to  represent  the  2-inea'- 
sure  sample  of  20°C  water.  It 
should  be   2  columns  wide  and 
20   squares  high.        <> —  

Then,    as  before,   ask   them  to 
use  their   felt  markers  or  pen- 
cils  to   lightly  shade   in  the 
repre.sentations. 

Next,    review  with  the  children 
what  the  height  and  width  o*f 
the  graphs   represent.  The 
axis  running  vertically  repre- 
sents  the   temperature   in  de- 
grees Celsius   and   the  hori- 
zontal, axis   represents  the 
;volume  of  water/'    They  should 
label  the   axes,  accordingly . 

•  How  ""many  h^at  'energy  units 

does   the  graph  of  the  2~ 
^    measure  sample  show? 


•  In  what  other  way  could  you 
have   f o'und  the  numb^er  of 
heat  e^nergy   units  in  this 
(and  the.  other)  sample? 

On  the  chalkboard  or  overhead 
pro  j  ect'or  ,^  write  down  the 
temperatiire  and'volume  of 
the  sample.      Indicate  the 
number  of-h.e.u.  underneath: 
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COMMENTARY 


in  the  second  sample 


Be   sure   the  children  'select  two 
ad j  acen t  columns,   as   shown  on 
page  256  . 


Again,    they  should  count  the 
shaded*  squares  .  *    They  will  find 
they  have*  40  of  them.  Note 
that  the   children  are  really 
.calculating  th^  product  of 
volume  times   temperature  by 
counti'ng  the   enclosed  squares. 
Seeing  the  area  of  th.e  squares 
on  a. graph  permits  concrete 
visualization  of  the  value  of 
the  product,   V  x  T.  *  However, 
at   this   level,   magy  children 
will  be  ready  to  substitute 
arithmetic  multiplication  for 
the  graphical  calculation. 

The  -children  will  probably 
^realize   that  they  could  multi- 
ply 20^C  by  2  m-easures  and 
arrive  at  40  h.e.u.  & 
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MINISEQUENCE  IV/Activity  1 


) 


TEACHING  ^SEQUENCE 


Temp . 
Volume 
h  .  e  .  u  . 


20°C 


2  measures 


40 


'in  this  fashion  the  children 
can' record  the  temperature 
and  volume,  alort^  with  the 
number  of  h.e.xi.l  for  both 
'samples  under  therr  respec- 
tive 'graphs  on  the  graph  . 
paper. 

•  How  does   the  number  of 
h.e.u.   in^  the  two  measures 
of  water  compare  with  thfe 
number  of'h.e.u.   in  the 
single  measure  of  water 
at  20°C? 


•  How  does   this  help  explain 
why  the  larger  sample  was 
able  to  melt  more  ice? 


3.     Now  return  to  the  experi- 
mental  setup:     Again  put  one 
measure  of'wate^r  at  20°C  into 
one   foam  cup  an"^  2  measures 
into  another.     Then  ask  the 
children  what  they   think  would 
happen  to  a  cube  of  ice  placed 
in  a,  mixture  of-  the  two  sa^n- 
ples.     Will  mor;e,    less,  or 
the   samp  amount  of  ice  be 
melted  by  each'sample  .sepa-  • 
rately? 


ERLC 


COMMENTARY 


*As   they   consider  this  calcula- 
tion,  you  might  ^sk  the  chil- 
dren  if   they  could  find  the 
temperature  qj^  a   sample,  know- 
ing its 'volume  and  the  number 
of  h.e.u.    it  contained.  See 
if   they  understand  that  divid- 
ing th^  h . e . u U  by  the  number 
of  measure's  would  yield  the 
tempera ture--e . g . ;   40   t  2  = 
20°C  . 

B.y   comparing  the  heat  energy  ♦ 
units,    the   children-  should  see 
that  when   the  amount  of  water 
^  was'' doubled,    the   number  of  heat, 
energy  units  was   doubled.  There 
was   more  heat  energy  in  the 
larger  sample,   even  though  they 
were  both  at  the  same  tempera- 
ture . 

Heat  energy  is  necessary  to  do 
the  work  of  breaking  the  bonds** 
holding  the  water  molecules  to-' 
gethev:  in   the   ice.     Since  there 
was  more  heat  energy  in  -the 
larger  'sample  than'  in  the 
smaller  sample,   as  expressed^' 
in  h:e.u.,    tjie  larger  sample 
was  ^ble   to  melt  more  of  the 
solid.  ^ 

-  Refill   the   containers  with  20°C 
water  before  beginning  ^^this  ' 
Section.,     You'will  also  need 
more   ice  cubes 


R^ actions  usually  vary  here. 
Some   children  predict  right* 
away^^ that  more  ice  will  be 
melted  because  of  the  increased 
volume  of  water  in  the  mix.. 
Somq'  even  suggest  that^three 
times         much  will  be  melted 
as  was  melted  by  sample  1.^ 
Children  who  have  gone  throu'gh 
Activities   4  and   5  of  The  Water 
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MINISEQUENCE  IV/Activity  1 
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MINISEQUENCE  IV/Activity  1 


TEACHING  SEQUENCE 


•  what  would  be  the  tempera- 
ture of  such  a  water  mix? 


•  '  What  would  be  its  volume? 


the 


Ask   the   children   to  obtain 
two   samples  of  water  as  be- 
fore.    After  recording   their  * 
temperatures   and  volumes,  have 
them  pour  one   sample  into  the 
other  to,  make   the  mix.  The 
temperature  and  volume  of  the 
mix   should  also  be  recorded. 
Then  an   ice   cube  can  be , put 
into   the" cup  and   the  contents 
stirred   for   three  .minutes . 
After  the  cube  is  removed, 
it5    size  can  be  marked  on 
the   paper  towel.  Comparison 
with  the  sizes   recorded  ^n  the 
other  paper   tawel  earlier  can 
then  be  made . 


What  was   the  temperature 
volume  of   th^  mix  before^ 
ice  cube  v^as  put  in? 


and 
.the' 


•  'How  many 
contain? 


h  .  e  . u .    did  the 


mix 


How 
h.  e. 


does 
u .  in 


the  number  o  f 
the  mix  compare 
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COMMENTARY 


h^ix  arvG,  'of  cpurse,  more  likely 
tb  respond  in  this  way. 

Th«  children  may  or  may  not  say 
that  the   temperature  will  re- 
main unchanged. 

There  shcfuld  be  ge.neral  agree- 
menfat  this  level,  that  there 
will  be  3  measures  of  water  in 
the  mix.-  ♦Volumes  of  water  are 
always  conserved  when  added  to- 
gether. 


"Be  sure  that  this  information 
is  recorded  before  the  ice*.  * 
cube  is  putf  in! 


It  may  be   clear,   ?ven  without"* 
this   comparison,    tha.t.  mo're  ice 
was  melted  by  the  mixture, of 
water  than  by  either  of  the 
two  samplers  . 

The   temperature  of  the   3  mea-  • 
sures   of  water  was  20°C--the 
same  as  that  of  the*  samples. 

Knowing  the   temperature  and 
vo^lume ,    t'be  product  can  be 
cal culated  a^r ithmet  ically  : 
20   X,  3  =  60  h.e.u.  However,** 
ask   the  children   to  tio  a 
Ofraphical   calculation  as  well. 
Thi$  way   they  can  sep  that  th^ 
area  of  the  graph^  is   the  sairie 
as   th"a t  of  the  pther  two  areas 
(of   the -graphs  "  for  the  separate 
sample  s )    combined . 


The   children  .should  real»ize 
that  , the  number  of  h.e.u.  in 
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MINISEQUENCE  IV/Activity  1 


TEACHING  SEQUENCE 


with  the  number 
in  the  samples? 


of  h  .  e  .  u 


Before  going 
the  -ch i Idren 
rived  at  the 
that  the  amount 
gy   in  the  water 


oo   to  Activity  2 
should  have  ar- 
unders  t anding 

of  heat  ener-" 
mix   is  the 


same  as  the. total  of  heat 
energies   in  the   two  samples 
(provided  that  no  heat  energy 
is   lost  to  the  environment  in 
the   process).     A   review  of  ' 
this   concept   is    important  to 
the   ^iibse-qw-ent  development  of 
ideas   in  this  sequence. 


(' 


COMMflNTARY 


the  mix  is   the  sum  of  the 
h.e.ul    in   the   two  samples:  ^ 
60   =  20  +   40.     That   is/  all 
the  heat  energy  units  of  the 
original   samples  were  still 
present  in   the  mix.      In  other 
wordS;   heat  energy   is  conserved, 


V 


« 


J 
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MINISETQUENCE' IV/Activity  2 


Ac 


^ty2 


Unavailable  for  Work 


In   this  Activity   the   children  will  continue   to   focus  on  £he  heat 
energy  contained   in  samples  of  water  and  on  the  work   that  this 
heat  energy  can  do   in  breaking   the  bonds   in  so^ds  .     But  this 
time^iit   is  a<solid  other   than   ice.     They  will  ^scover   that  a 
sample  of  water^at  50^c'  can  melt  some  salol,   whereas  one  at  a 
lower  temperature    (25^C)    cannot.     When  these  two  samples  are 
combined,    their  prior   experience   tells   them  that  the  mix  now 
possesses   the   total   h.e.u.   of  both  the   original.  25^  and  50°C 
water;     heat'  energy    is   additive  and  thus  conserved  on'mixing. 
But  the  mix  cannot  do   the   job  of  tnelting  the  salol!     The  tem- 
perature  is   too   low.      The   total  heat   energy   is   present   in  the 
m^x  but   isi  spread  out  or  dispersed  as  ^^^^'^Te'sult  of  mixing  higher 
temperature  water  with   lower   temperature  water-^resul ting   in  a 
temperature   inbetw'een   the   two.     ^The   inbetween   temperature  is 
too.  low  to  do  what   the   50^C  water   could  do,    even  thoug-h  the 
mix  contaifris   much  more  heat  energy  than  the  higher   teihpera ture 
sample.  .  Although  conserved,    the   energy  is  una vai labl6--in  other 
words,    it  is   "degraded."  ^ 


MATERIALS   AND  EQUIPMENT: 

4  polyfoam  containers,  3  qt  (3  liter)  capacity,  with  iids 
1     hot  plate     '  ^ 

1     thermometer,   iregistering   tempera tur*es   above  60^C  ' 
1     large   saucepan   to  heat  water  <r  ,  * 


a  supply  of  salol    (phenyl   salicylate)    ^'bput  1  cup 

.several  narrow  wooden  dispensers,    such  as  popsicle 
sticks/  beverage   stirrejrs,  etc. 

2  or  mpre  squat  containers   to  serve  as  supply  stations 
for  •  the   salol  ' 

For  each   team  of   two  childreti: 

« 

3  polyfoam  cups,    8-oz  capacity 

2     aluminum   foil  muffin  ctip   liners  or   3   in.   by  3  in. 
^     '    ^  •  ( 7  ,  5   cm  by   7  . 5   cm)    pieces   of  aluminum  foil 


graph  paper,   4   sq/in,    (or  2/cm) 
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I'    MINISEOUENCE ^iV/Activity  2 


scrapi  paper 


PREPARATION 


FOR 


TEACHING : 


Fill  two  of   the  polyfoam  container^'  2/3   full  with  water  at  room 
temperature    (2b°C-25°Cl    and  label  'them  with   the  letter  A.  Fill 
the  other  t«?o  with   hot,  water    (50°C-55°C).      Label   these  with  the 
le'tter   B.     Lids   should  b'fe  placed  oh  air  the   containers   to  pre- 
vent the  loss  of  heat -energy,,  ■'par-ticularly   from  the  high  tem- 
perature water,    to  -the   surroundings.      For   this  purpose  you  Can 
keep  a   large   saucepan  or   tea  'kettle  of  water   simmering  on   t^e.  ' 
J\ot  plat^  ^and  add  some  as  necessary; 
readily  available',    you  can  use  that 
on   the   temperature  of   the  hot  water 
registering   temperatures  above  60°C. 


\   or,    if  hot   tap  water  is 
whe^n   needed.      Keep  a  check 
by  means   of  thermometers 


Put  out   the   supply  of\salol   in   two   containers.      Place   the  dis- 
.pensers   alongside.      As\in  Minisecj^uence   11^    Act.iyity.l,    ^he  salol 
will  be  placed  by  the  clhildren  on  aium'inum  dish'es  which  can  be 
formed   from  squares   of  ifoil  as   described  therjs.      (See  page  109.) 
Again-,    if   the  al umi n um^  f o i  1  muffin-ciip  liners   are  available, 
they  mpike  excellent  di^hies. 


ALLOCATION   OF  TIME: 
The  children  ^^1  need   l^to   1-1/2   hours   for   th,is  Activity 


/\     TEAQHING ^ SEQUENCE  '  • 

"1*.    ^Let:   the   children 'watch  ^As , 
you:  ppur   two'  unit  measures  of 
coo^  water   into*  a  polyfoam 
coip.     Pu^  a   thermometer  i'nto 
this  wateir   sample  and  stir  it^ 
a  iittle.^1  Have  one'  or   two  ^ 
children  read,  and  r  epor  t  -  the  , 
temperarture .  ^  Write   this  and 
th^  vc/lume  of   the  sample' on 
the  chall^^oard: '     '     '  *  ^ 


Sample  A 


20°C 


Temper'atur  e 
Volume   ^      2  measures 


Then  put   two   unit,  measures  of 


'hot  water,  into  a 
ble  polyfoajn  cup 
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ther,  dou- 
Put  a 


COMMENTARY 


Because   the  teirfperature 
hot   sample   is   so  high,, 
double   foam  cu|5--that  i 


' of  the 
using  a 
s  >  one 


2ej 


1*|ACHING  SEQUENCE 


thermometej  into   this  water 
sample.     Stir  it  a  bit.  Then 
'have  one,  or  two  children  read 
and   report   this  temperature. 
Record  ^  and  -the  volume  on 

the  chalkboard;\ 

c         '     *  I  '  - , 

Sample  B 

Temperature  50°(;  

Volume  2  measures 


Next   mix   t he c two  :wa t e r  samples 
together,   a^dd  a  thermometer, 
stir   and  ask   one   or   two  chil- 
-VJren   to   read   the  temperature 
and  write   it   down  but   not  to 
report  it   to   the   class  yet. 

•  what  do  you  predict  will  be 
t^he   temperature  of  the  mix? 

The   exact  method   the  children 
use   to  predict   th'e  temperature 
i^  not   important.     After  they 

^ have   made   their  predictions, 
the  one  or   two  who  repd  it 
can  report   the  measured  final  , 
temperature.  '  After  -comparing 
it  with  prediction,    tl>e  chil- 

—drenr— should  calculate  the' 
actual  number  of   h.e.u.  in 
the  mixtur.^  to  see  that  it 
is  about 'equal   to   the  total 
number  of  h.e.u,    in  both  of 
the   initial  samples. 


-y. 


r 


\. 


MINISEQUENCE  IV/Activiity  2 


COMMENTARY 


nested  inside^another--will  pre- 
vent  too  great  a  loss  of  h.e.u. 
The   loss  would  show  up^  as  a 
temperature   lower   than  that 
predicted  by  calculat icfn  . 


In  order   to   1-imit  the   loss  of 
hea.t   enetgy   to   the  surround-' 
ings,    it   is   adVisifed   that  thS 
*c<jld  w^ t er   sample  be  poured 
into   the  hot  one . 


The   children  have   learned. that 
th#  total   number  of  heat  ener9[y 
units   is   unchanged  by  such,  ja 
mixing.      This  provides  a  way 
of  predictihg   the   final  temper- 
atures  of  such  mixes.      In  the 
exain^le  'given, tl\^  number  of 
h.e.u.    in   sample  A  is   2  x   20  = 
40;    the   number  ^in  sample  B  is 
2  X   50       lOOV  , Therefore,  the 
number  of  h.e.u.'  *in   the^mix  * 
should  b^  about   1^.   '  The  vol- 
ume of   the  mix  will  be  4  unibn 
measures.      Therefore,    the  pre- 
di<:ted   temperature  of   the  mix 
will  be   such   that   the  number 
of  degrges^  multiplied  by  4 
equals  about   140.     By  t4ie 
graphical  methold/    this  would 
mean   finding   the  height  of 
bar   graph  4   units  wide  contain- 
ing 140  square  unitsP  The 
arithmetic  calculation  'would 
be   140   7  4   =^  35°G .  ^ 

The  predicted  and  measureQ ' 
t empera t u"r es  of  the  mix  may 
not  agrfee  'exactly  because  of 
some  loss  of  heat  energy  to 
the  surroundings However, 
J'^^^  should\be  close 
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MINISEQUENCE  IV/Activity  2 


TEACHING  SEQUENCE 


J 


2.     Now  .show  the  children  the 
supplies   of   saiol  and  suggest 
that  they   find  out  Which  af 
the   two   sample?  of  water  will 
melt  more  of  the  solid. 


The  children  can  again  work 
in  teams  of   two.      One  child 
can  go  to  the  water  supplies 
>^d  put  2  measures   of  the  cold 
water  in  one  polyfoam  cu|^ 
labeled  A;    then  he  or  she 
.should  put  2  measures  of  hoKt 
water  in  a,  double  pol^^foam 
cup^    labeled  B.     The  other 
child   sho-uld  go   to  one  of 
-the   supply  stations   for  the 
salol  and  place   several  unit 
measures   of  the  crystals  in 
each  of  two   foil  dishes. 


After  checking  the  temperature 
of  each  sample,    they  Should 
plao^  each  of  the  dishes  with 
the   salol   in  a  ciip   so   that  it 
rests  on  the  w^ 


Ask  the*m  to  observe  closely 
any  cliang^s  which  occur. 


COMMENTARY 


Again,  if  the  children  need 
more  e^pe r.ience  in  predict in'g 
the  t^emperature  of  mixes  from 
samples  at  two  different  tem- 
peratures, refer  to  the  AS&E 
Water-Mix  Experiments  booklet 
or  Minis equence  'II  of  Grade  4. 

Be  sure  the  temperature  of  the 
water  in  the  containers^is  un- 
changed. 

The   children  will  be  familiar 
with  salol,    and  with  the  alu- 
/minum  foil  dishes  used  for 
^melting,    as   a  result  of  their 
work   in  Minisequence  II. 


As   in  Min.iseque'nce   I,    a  unit 
measure   is   that  amount  of 
solid  which  can  -foe  picked  up 
on  the  end  of  the  wooden 
stick,   which  is  marke^d  off 
at  a  distance  of  1  cm,  - 


Be,^sur^   the  dish^is  of  such  a 
siz.e  .that   it  'can^  go   into   the  ^ 
cup  as   far  a,s  the  surface  of 
the  water.     It*  is  essential 
that   the   aluminu^m  be  directly 
in  contact  with  the  water--not 
the  air  above  it.         ,     '  ,  ' 

T^e   children  will  observe  that 
the  phenyl   salicylate   in  th^ 
dishes  plaped  on  water  frpm 
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MINISEQUENCE  ^Activity  2 


TEACHING  SEQUENCE 


•  Why  do  you  think  the  salol 
'   inelt€?ti  when  placed*  on  Sam- 
ple B  but  not  on  Sample  A? 


•   How  many,  h.q^.u.   will  be  in 
the  mixture  when  the  water 
in  both  cups   is   combined?  ^ 
\ 

Now  have   th^  children^ predict 
wHat  they  think'  will  be  ob-  ' 
serv'ed   if  the   two  samples 
are   combined -and  the  dish 
of  unmelted  salol  crystals 
is  placed  on  the  mix.  * 

3.      The   children  should  then 
carry  out   the   experiment  to 
check  'on   their.  predictidHs  . 


Some  children  will  Suspect 
that  the  water   in   their  cup 
has   cooleci,    (lost  beat  energy 
to  the   surroundings)    and  that 
this  fexplai'ns   th-e^  failure  of 
the^  crystals   to  melt.  They 
can   repeat  with  .f^esh  samples 
of  water  from  the  supplies,  or 
check  the  temperature  of  their 
water  to  see   if  it  agrees-  Wi,th 
their  predicted  temperirture 


COMMENTARY 


the  s upplies   label e.d  B  soon 
meltfe*  ( the  ipelting  temperature 
of   salol   is  43°C) ;   no  change 
will  be  obseryed  'in  the  dish 
placed^^n  water   from  supplies 
label ed  A . 

According  to   the  children's 
.  earl'ier  calculations,  sample 
contained  100  h.e.u.  while 
s-ample  A  contained  only,  40 
h.e.u.     They  may  reply  that 
thQ  heat  energy   in  sample  B  w.as» 
sufficient   to'^^break   the  bonds 
holding  the  molecules  of  salol* 
in  the   rigid  crystal  structure, 
while   that  in  sample  A  was^not. 
-(This   is  not  the.  reason,  as 
they  will" find  later,   but  ac- 
cept this  .response   for  the  time 
being . ) 


There  will  be  140  h, 
the  mix. 


rie  will 


^Since   the  combined  sai 
have  more  h^at  energy/even 
than  the'  sample   thpit  ^d  melt 
the  salol,    most*  childrerT^roh- 
ably  will  predict   that  thet 
drystals  will  ^melt^, 

Ag^in,    check   the  temperature 
of   the  wafer   in  the  containers 
to  be  -sure   it  is  'unchanged. 

No  melting  will  be  observed!  ^ 


.,er|c 


2t2 
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ViNISEQoInCE  IV/Activity  2 


TEACHING^  SEQUENCE 


When  all  attempts   fail   to  melt 
the  crystals 'with   the  combined 
water "samples ,    ask   for  an  ex- 
ploitation: 

•  Doesn't  a  combine<^  sample 
have  more  heat   energy  units 
than   either  of   the  original 
samples?     Then  why   can't  it 
melt   the   crystals  ^when  one 
of  the  smaller  samples'can? 


Ask  jA\e   children   to  pnepare 
:ore"   and   "after'"  graphs 
'  how  the  heat  energy 
was   sp^ea4.  out  by  thefm^xing* 
of   their   two   samples.  t'or 
this  ptarpose  give  each  a 
sheet  of  graph  paper  on  which 
to  mark   temperatures,  vol- 
uin.es  and  squares  represent- 
ing the  h.e.u*.    *An  example 
is    shown  on  page^265  .  ^  . 


ERLC 


COMMENTARY 


Yes 


The  heat  energy  is  "spread 
out"   too  much   in  the^com- 
bined  sampl*e.      So rt^c h i  1  d r e n 
may  also   suggest   that  the 
temperature  is   not  high 
eno.ugh  . 

Note   that   if  the  children 
are   usin^  graph  paper  with 
4   sq/in.,    it  will   be  neces- 
sary to   let'  the  height  of 


each  square  represenj:  2^^C 


if 


the   tjsmperature         the  hotter 
sample- is- to  be  accommodated 
even   l^engthwise  on   the  paper 
(unless   they  want   to  paste 
two  sheets   of  paper  together) . 


When 


When   the  \h^ildren  give  either 
"low  temperdtura"  or  "spread 
out  -heat   energy"   as   an  ex- 
plan^ation,    you  can   show  them 
that  ^these<^ are   tVo^ways  of 
saying  the   same-xthin^f . 
a  given  amount  of  heat  ener- 
gy  i3   sprepid  out   through  a 
larger   volur^e  of 
temp'erature  must 
than   if  the  same 
heat   energy  Vere 
trated  in 
of  .water. 


water,  the 
be' lower 
^amount  of 
concen- 
a  sfnal let  amount 
Y,ou  can   show  this 


graphically  by,  putting 
4 


24 

h.e.u.'  in  4,    3,   and  2  mea- 
sures of  water^,    TIjis  will 
produce  g^a^hs^  filled  up  tg, 
the   6^c;    8^C,    and   12^C  lines 
respectively,    as   shown  in 
the   illustration  on  page  266* 
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„     Before  mixing 

50  *  I 


48 
46 
44 

,42 
40 
38 
38 
.  34 
^32 
30 
28 
26 
24 
22 
20 
18 
1« 

n 
iff 

8 
6 
4 

2t 
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MINISEQUENCEJ  IV/A^ctivity  2 


1:1  i..;  1  i 


'  After  mixini 


:*v: 


Volumi)  in  measures 


— M'^- 
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MINISEQUENCE  IV/Activity  2 


TEACHING  SEQUENCE 


COMMENTARY 


. In  the  mixing  example  shown 
on  page^  265 th^^.  temperature' 
of  the  hotter' sample  was  49^C 
when  measured  and  the  colder  ^ 
sample  'vf»as  ''21**C.  •   When  the 
heat  energy  was-  sp^read  c^t 
fn  the  mix,    its'  t^perature 
was   35^C,-    Prom  the  graphs , 
the  childreiv  may  notice  that,  ' 
in  kffect,   this,  cau^d  bl  ^ 

'achieved  by  trails  f  erring  h  .  e  .  uV 
from  the  higher  column  to  the 

, lowe^  one .      In  other,  words  f 
h^at  energy  went  from  the 


ERIC 


266- 


175 


MINISEQUENCE  IV/Activi,ty'  2 


TEACH  ING.SEQ.OENCE 


I 


•  Wa-s  ther?  any-  loss  of  h.e.u, 
in  mixing? 

•  What  .J^d  the  system  lose? 


'  «  COMMENTARY 

higher  i^^mperature  -sample  to 
the   lower.      If  they  do^  this 
will*  provide  a  nice  transition 
t6  the  next  Acti^vi^y  .  There 
.the  ch'ildren  will  observe  the 
transfer  of  heat  energy  from 
two   separated  parts  of  a  sys- 
tem and  rediscover  that  heat 
energy  is   transferred  only  ^ 
from  higher  temperatures  to 
Lower  temperatures,  ^ven  if 
there  is-  more"  total  heat  ener- 
gy at  the  -  lower  temperature . 


The  dhildren's  be  fore- an d- 
after  graphs   should  be  saved 
fop:  reference   in  Activity  3: 


\ 

/ 


No.  Heat  energy  was  conserved, 
as^  expected'. 

It  lost   the  ability  to  mein: 
the  solid  salol  whe^  the  h^at 
energy  was  spread  out.  The 
heat  energy  was   there,  but 
unavailable   for  work  because 
^of  the  temperature. 


V 


ERIC 
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MINISEQUENCE  IV/Activity  3 


Activity  3      From  Higher  Temperatures  to  Lower  Temperatures 


In   the.  present  Activity,    the   children  will"  igain  obsei^ve  the 
spreading  out  'of  heat  energy,  -but  in  this   lyistance   there  is,x)0 
actual  mixing  of  the   samples  of  wate|:..  *  In's^tead.,   the  samples 
are  physically  i  solated^  f  rom  each  otjier  but  in  thermal  contact. 
Heat  energy-  can'  pass   through  the  wal^ls  qf  the   container  sepa-i:5"t 
jLng  the   two.      By   calculating  t;he  h.e;}.u.   before  and  after  the 
samples   are   in  contact^   children  wi]^  realize   that  again-  heat 
energy   is   conserved.      They  will  also  observd  that  the   heat  en- 
ergy is   trans  f  erred*  only  from*  the   satnple  at  the  -^Kigher  tempera- 
te^ ture  to  the   one  at  the   Tower  temperature,   np  matter  what  the 
original  heat   energy . content  of  the  'samples.     Even  if  the  loyer 
temperature   sample  has   more,  h.e.u.   in  it.,   it  will   still  gain 
h.e.u.    if   it\is   in  contact  with-  a   sample  which  is^hotter.  Chil 
dren  will   follow  the   changes   in  temperature  with  time  as  the' 
two   sainples   are   ibn  contact  and  represent  the   changes  coordi- 
nate graphs.      The  graphs  in 'all  insta-nces  portray  the  direction 
of  heat  energy  t r ans  f  erA-- f  rom  the   highe-r  to  the   lower  tempera- 
.ture   safhple.      This  observation,   whic^h  was   i/itroduced  in  (|^ra'de  4 
Minisequence   liEI   is  one  of  the  Cornerstones  of  the.wconceptua,! 
scheme   the   Degradatio^n  of  Energy.      In  the   f  o  1  lowing  '  Ac  tivity 
the   childrjsn   will  observe  a' very   si«Wilar  phlenomenon  with  the/ 
transfer  of  colored  molecules   through  a  barrie-r  membrane.- 


MATERIALS   AND   EQUIPMENT:        11'  ^ 

1     clock  or  ^timer  with   sweep  -secon-d  hand^ 
•  *'  *      -  '  .  ^  * 

6     poly  foam  ^aohtainers  ,    3-qt   (3^*-ll,t^«r)  capacity 

For   each  paj.r  of   children:  ^    *      ^        .  ^ 

<  ,  1     polyfoam  cup,   8-oz>   (240"-ml)  '        ^  '  ^ 

'  4 

1     cup,   plastic,   about.  5-oz  (150— ml) 

7     2     colored  pencils   or  trayons  ,  pref e;r.ably  of  different 
colors,^  such  as   red  *and  bj^ue 

thermometers,   720^0  t^o.  +50^C  ^ 

tf .    •  "  ^    /  * 

gr'^phs   from  previous   Activity       ^*  ,  .  • 

Works^heet  iy-1  ,  .  * 

pieces  of  graph  .paper  ,   4  sq/^i'd," '<or  *^^/cxo) . 
268  .  ^  »  .  27  '/  .       .  . 
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^      MINISEQUENCE ^/Activity  .3 

■         '  /■ 

PREPARATION    FOR  TEACHING;     '  "  ' 

Half'fiia  2  pblyfoam  c6yntain^rs  witlr^watier  at  io**C  to  36 
fill  the  rest  of  the   cyTitainers  wi  th  water  at^lS^C  to  18 
(The  hotter  'water  should  have  a  temperature 
of   the  .colder.)     Only   the  cooler  water  will 
tion  1. 


C;  half 

about  twice  that  . 
be  needed  for  Sec- 


a  phalkboard  or  overhead  projector   grid,    set/ up  an  example 
the   before-and-af ter  graphs   from-'  the  precedi'ng  Activity, 
page  ^265.        You  wdli  also  need„  a  grid  for  later.  disciT^ 
sions   of  coordinate  'graphing. 


On 
of 
(See 


ALLOCATION    OF'TIMEt      -      ^  \  , 

About  1-1/2  to  2  hours  will  be'  needed'  to  comple"te\this  Activity. 
More  time  may  be  necessary  if,  the  children 'have  not  had  the  Heat 
Energy   Transfer  experiences   in  Grade  4.. 


TEACHING  SEQUENCE 


i. 


Have  the   children  retrieve 
•the   bef ord-and-af ter  graphs 
they  made  to  show*.how  the 
h^e.u.  ""were   spread  out  as 
t.hey  mixed  the^  50® C  water 
with  the   20^0  ^ater.  Refe 
to  the   sample  before-and.- 
lafter  graphs  you  prepared; 
Looking  at  the   two  "before" 
graphs,    indicate   the  tempera- 
tur.e  of   tjie   mixture  on  the  * 
gicaphj  of  the   hotter  water. 
'Praw  a.  horizontal   line   th,e|^ . 

» 

•  Does   this   agree  with  the 
height  of -the  graph  of 
the  mixture? 

Now^^tran^f er  h.e.u.  square's 
from  the   higher  column  the 
loweg:  one  until   the  new  graphs 
is   the  -height  of  the  tempera-'* 
ture  ffound  for  the  mixture. 
In.effi;fect  the*graph$  are 
"evened  of f . "  < 


V 


COMMENTARY 


I t^should I ' 


The  width  of  the  graph  would 
be   the   sam^  a$   that  of  the  'two 
separate  sample  graphs  "pushed 
together 
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MINISEQUENCE  IVActivi'ty  3 


TEACHING  SEQUENCE 


COMMENTARY 


VoiOme  m  measures  ^ 


•  ,From  this  repjresenta  tion  , 
which  sample  g^ve,  up  h  .  e*.  u  .  ? 
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Which  salnple  gained  h.e.u,,? 


/ .  • 


V  • 


4Phe  hotter  sample  gave  'up'^T^^S^- 
and  the  copXj^t  sa'itfple  ^gai^edj 


•   MINISEQUENCE  IV/Acti-vity  3  ^ 


TEACHING  Sequence 


•  Wha^  about  the  number  of 
**'  h.e.u«   gained  and  lost? 


Now  ask   if'this   ti/ans  fer^  might 
represents  what  happ-ened  when 
they  mixed  -togethej^"  tfi^e  ho> 
^    and  cold  samples  of  water. 


two  samples  are 
to  mix  physical- 


•  What  if  the 
not  allowed 
ly7     ('Show  the  c  hild'ren^  an 
"exper imen-tal  setup  like  the* 
one.  they  will  be  using.) 
How  could  you  tell   i,^- the 
;      transfer  was   from  a  higher 
temperature   sample  to-  ^ 
lower  0£  from  a   larger  num-t 
ber  of   h.e.u^.   to  a^small^r? 

If  the  discussion   does  not 
bring  up  the   idea  of  vising, two 
samples  having  the   same  tem- 
perature but  ciifferent  vol- 
umes ,  -ask   them  what  they  would 
predict   if  a   sample  of   2  inear 
sures  of.  18*^0  water  were 
placed  'in  contact^,    but  not 
mixed  with,*l  measur"^   of  18*^C 
water  . 


CPMMENTSRY 


< 


e  number  were  given^^up 
hotter  sample  as  were 
by  the  cooler  one.  As 
ve   learned   from  previous 
ts,    the  heat  energy 
ceo  united  f  0  3f . 

Of  qouJrse,  in"  the  physical  mix- 
ing alJl  th*e  water  fropi  *one  sam- 
ple mingled  with  that   from  the 

'other]     It  would  not  have  been 
easy  .to  .tell   in  what  direction 
the  transfer   took  place.  In 
fact,    som^e  children  may  think, 

«quite   reasonably  at  this  point', 
that  the   transfer   is   from  a 
larger  number  of  h.e.u.    to  a 
smaller  . 


See  the.- i  llus  tration  on  page 
272.  ,    ^         .  i 


The   int.ent  here   is   tq  provide 

the  children'With  a  brief  re- 
*   .     .      ^  ...  ^  - 

vi^ew  of  Acti'vitie^s   covered  'in  * 

Minisequence   II  r  of  qftade   4  on 
The  transfer  of 'heat  ener'gyw  and 
to   focus   attention  pn   the  di- 
rectional aspects  of'thos'e  ex-* 
periences.      If  you   feel  that 
the  children  wo  uld  '  .bene  f  i  t   from  , 
a   slower / approach ,  consider 
taking  up  those  Act i\;f*i ties  in 
s.equence  .     For   ins  tanc  e  ,  you^ 
may  want   them'  to^begin  by  i- 
vestlgating  the   transfer  of 
h  :  e^u  .   between  C^wo  'samples  ,  of 
equal   volume  but  different  tem 
^*  pera^ture*.     That  would  be.  a 
situation   like   tha't   in  Activity' 
2,    but  witshout   the  physical 
mixing.,, 


250 


271 
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MINISEQUENCE  IV/Activity*  3 


TEACHING  SEQUENCE 


The   children  can  continue  to 
"-work  in  .teams  of   two.  Give 
eacii  team  two  thermometers. 
.  Ask  ihem  .to  measure  the  tem- 
perature of  the^same  region 
cff.  the  room  with  both  ther-^ 
mameters. 


If  both  thermometers   do  not 
show  very  nearly   the-,  same  tem- 
perature after  waiting  a^  min- 
li'te  or  two,    the  children 
should  exchange  the  thermom- 
eters , for  others.     Then  t^ey 
should  place  ^twc?'  measures  of 
18*^0  water  in  the  smaller 
plastic    ^nner)   cup,   and  one 
measure   in  the  outer,  poly- 
foam  cup.     Place  a  'thermbmet^ 
in  eacfh  and  rea^d   the  tempera- 
tune  t>ver  a  i  minute  period. 


COMMENTARY 


) 


The"  purpose  of  this   is   to  be 
certain  that  both  thermometers 
in  a  pair  are  alike  by  seeing 
if  they  reg^ister  the  fi-ame  room 
temperature  .  - • 


Set  out  the  opntainers  of  18°C 
water.  ' 


They  will   f,ind.  no   change  in 
temperature.     This   is  similar 
to  making .  a  miX'^of  two'  samples 
of  water  at  the  same  •  tempera^- 
ture.      (The   temperature  of<.  t^ 
mi:f/is   the  same  as   that^  of  the' 
individi^al   samples  .  J 


I 


0  ' 


ERIC 


2SI  . 


^eachinI  seqjljence 


•  How  many  h.e.u.^were   in  the 
larger,    2-ineasure   sample?  ' 
How  many  were   in'  the  smaller 
sample?  <^ 

•  H^w  would  you  interpret 
these  results? 


2.     Since,  there  was   no  trans- 
fer of  heat  energy  at  all,  in 
the  preceding   situation,    it  is 
beginning   to   look   as   if  such 
transfer  occurs   f  romife  ^  hig*her 
temperatur.e  sample,,^f^P^  a  \ower  . 
If  so,  w^at  could  be  predicted 
in  the   following  two  situa- 
tions?.. 

Situation   1:      There   is   one  * 
measure  of   36*C  water. in  the 
inner  cup  and  2  measure^s^  of 
18'**[0  Water  %Vi   the  outer  cup: 


r  How  many  k 
'each  cup? 


e  .  u . 


wi  1 1  be"  in 


•  Will  there  be  a  transfer\of^ 
^heat  energy?     If   so,   /Jrom  - 
where   to  ^iih^^rr/^ 


Situation   2:^     There   is  one 
measure^of   36®C  water   in  the 
inner  cup  and   3  measures  o^ 
18®C  ^ate'r   in   the  outer  cu*pr 
(The   same  questions   can  be ^ 
asked  as  above.)      ^  -  • 


tlow  assign  half  thejsteams'  to' 
investigate  Situation   1  and-. 


MINISEQUENCE  IV/Activity  "3 

J'      '  ' 


COMMENTARY 


This  would  be  2  X  18  ox  36 
h.e.u.     The  smaller,  1-measure 
sample  would  contain   18  h.e.u. 

There  .mus±  be  a  difference  in 
temperature   in  ord^r   for  anV 
transfer  ^of;  He^it  energy  (or 
evening-of f  of   sample   graphs ) 
to  occur.      In  other  words ,    the  ^ 
heights  of   the   two  graphs  must 
be  different.     Her6,'*the  heights 
of  ihe  graphs  of  each  sampl^ 
remain   the   same,   although  th^ 
larger   sample  continues   to  pos- 
sess twice   the  h.e.u.   of*  the 
smaller  because   the.  double 
number  ef   h.e.Ui   are  spread 
out.;  over  the  double  volume . 


3 


Encourage  ^thWch-i  Idr  e'n  to'>ex^ 
press   their  predictions  as 
^to   heat  traois'ter.i.     Shortly*  - 
"thfey  will^xper  i^perit  'to  '  f  f'nd  ^ 
out  what  will  hajipen.  ^  Jn  the 
first  situaii.ion     al  tho'ug^  ^.each 
-sample  Has'the,  same  number  of 
h.e.u;.  (36),   he^t  energy  w^ilT' 
be   t fans f^'r red  because  thpre 
is  'a  •  t  emper  a  tur  e  difference.- 
There   is  also  a  temperature 
differenqe   in  ^  i  tua  t  ion^    ,  but; 
in  this   instance^  the  ooldeV 
sample  actually  has  more  h.e.u. 
because  of  its   larger  volume. 


282 


! 


TEACHING^  SE 


the  other  hal f .  S i t ua t ion  2, 
Each  team-  should  obtain  ^  cppy 
ofy^ork&heet   IV-l   and  graph 
paper.  * 

•  What  do  you  expect  thf  tem- 
'per'^tures  will  he^  say,  af- 
ter 1  .minutse? 


*•  What   do  you  thinTc  the 
t emperatiJ^jr^  will  be? 


inal 


The  teams*  can  divide   into  one 
chilc^  who  Vill  observe  the 
thermome^teirs  )and  one  vho  will 
watch  tbfe   clo^ick,    call  "now!' 


every  zninute*^,.  and  record'  the  \ 
thermomVcer  readings   as  called 
ojtt  .     When  tl^ey  are  'ready,    the  • 
teams  sKould^put   1   tinit  mea- 
*sure  of  , hot  water   iri  th^  plas- 
tic 'c^up  and   the  required  .mea- 
*sures"  (2  or   3)    of   cold  water 
in  "thi.  poiyfqam  cup,   witft  a-' 
thermometer   ^n  eaclj.     Be  sure 
that  they   atii:  each   for  a-  , 
f^^inute  and  record   the  two.  tem- 
peratures /in}  the  appropriate 
vspaces   for  t:^me   "zero."  'The^ 
they  should  place   the  small^^^ 
cup  in  .  the   Larger  exactly  when  ' 
the   clock   shows  a  particular 
minute    (i.e.,,^  wnen  the  y 
sec^ond  h'and  rieaches   12)  . 
The'reafter,  temperatures 
should  b^^  read  and;  recorded 
eyery  half  minute.    .  Thdy 
:  shojuld   ^wirl  "^the   con fejrbs  • 
gently  between  ^^adinq^s  . 


{ 


I 


.1 
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MINISEQUENCE  IV/Activity  3 


COMMENTARY 


i 


Note  that  the  data  will  ^con^ist 
of  temperat.ure  readings  on  each 
"cup  ^very  half  minute, 


p  eve 


By  i^ome  children  will  pre- 

dict  thai!   the   cooler   sample ^ 
will  get  warmer,   and  the  hotter 
sample   will   cool  off. 


t^a 


Some  may  s^^ay  that  the  fin^l 
temperature  wi^l  be  "in  the 
middle " ;  others  may  realize 
that  it  will  not  because  in 
both  case.s  there^  is  more  col 
wat er   than  hot . 


Xf   the   classroom  does ^not  h^ve 
^  clock  with  an "  e  JpsOvly  I  vis  ibl  e 
sw^ep  'seconcj  hand,    i/tN^ja^-y  be 
necessary   to*  synchronize  the 
i^ams   and  h:ave  one  p'erson  with 
aVsweep^second-ha^'^  watcli  clall  i 
trmev  for   the  whole  \:las^. 


1  g  i*s 


iipg   i*s  im- 
^ualiza t ion 
re  'to.cr^uch 
energy  with 


e   Continued  's 
^portant  to^aclvj 
t  emp  e  r  a  t itr 6 
Exchange  'crf  he  a 

the   room  surrcunding  the  system* 
occursjl  .  '  yhe  chtLldren  pay  need 
severasi  reminders  to  Weep  the 
con^tents  of  the  cups   ^n  motidnv 


r 
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WORKSHEET  IV-l 


Situation 


Name: 


Colde^  Sample: 


Volume 
h . e. u  . 


;  Volum 


Temp^, 


Volume 


*    h  *  e  4  u  .  J_ 


^  h  ,  e  .  u  , 


is  \.  • 


/iME 
Onvinutas ) 

— 

TEM^E^^ATURE    (°C)     \  ^ 

'    ^      (colder  sample*) 

inner  cup 
^'(hotter  sample )  ♦ 

♦ 

• 

» 

% 

 i  . 

1 

1-1/2' 

• 

•  2 

 f  ■ — ;  

•  7  ■ 

-^2-1/2 

3 

 T  '  

3  - 1>2 

4 

9 

4-1/2  ' 

*  5 

'      ,  ^  •      ,Hotter.  Sample:  •  - 

BEFORE     *  AFTER     ^       y    '      "        BEFORE  AFTER 

Temp   °C         Temp.  ^ 


r 


Temp , 


Volume^ 
•  h  .  e  .  u 


ERIC  • 
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MINISEQUENCE' IV/Activity  3 


TEACHING  SEQUE.NC-E 


T 


Select   typycal  data  to  place 
on   the   cha/kboard   from  each 
experl-inej 

•  Died   the   final   teit^pera ture 
.   agree  with  what  you_ex- 
pected? 

Novr  hav^   each   child  enter  th^ 
actual  data  he  or  she  obtained 
on  a  coordinate  graph.     *Dis-  ^ 
tribute  graph  paper  and*,  then, 
following   the   Qhildx^ti]  s^sSyg- 
gestiofis,.   label  arid  ntimber  the' 
3^xes  of  t'h^  grid,  on  the;  chalk-^^ 
b?>'a-rd  or  overhead  pro-jector 
Next  ask  or^  of  the  children 
tjo   show  where  "one  of  the  data 
points   should^  be  placed 
low  this  with   th_^  plotti 
a  few  o'thei:  sample '•^potin'ts \froin 
the  data  t-Sble  on  fchejboar 
Th^y  shou  id  then  <bt^ja^lg.  to 
work  on  their  own.       v.,  / 

■.  Sa  . 

Ohce  the  d^a  have  beeV^-j^ft- 
tered,.  each  "child  shoul-d'^^^aw. 
the   "best   trend"   ^ines  tlwougft 
the  two  sets   of  points.. 


ne  data's 
Foi-\ 
t^ii\g  'of  ) 


3.     The   trend  lanes  o^  the 
graph  seem  to  .suggest  that 
the  hot  water-de-creased  /in  , 
temperature   faster  than^'the* 
cold,  water   increased  in^  temr- 
perature.     Ask  /the  chi'ldren 
what  they  think  happened  to- 

276 


COMMENTARY 


(Stirring  the   cont'en ts  of  the 
cup   is   difficult,  especially 
in  the  outer  cup  where  there, 
is   such  a  small  space.      It  .way 
also   cause   the  thermometer 
stems   to.  5lip  against  their 
ba^k  ing . )  ,  *  ' 


since   the ^f inal   temperature  is 
not   in  the  middle/    soma  chil- 
dren may  be  surprised. 

« 

Coo;:~dinate   graphing  w^s  intro~ 
duced  in  Grade  4;     If  the  chiT- 
.dren.  arer  not   skilled,  in  such 
rep^resentat ions  ,  *p leas^^  r e f  e r 
to.,  the   introductory  Activity., 
o^  Miniseguence  III   in  Grade  4< 

The  4ata   for  bo»th  the  outer 
a-n5   inner  cup  sould  be  plotted, 
on  the  same  graph       They  can 
use   different   colored  pencils 
or   crayons  \for'  the   two  sets  o^ 
points •  \  f 


.J^jote   ttiat  a/tr&nd  lin^e  need 
rtot*  go   thrpu'gh  every  point. 
In  these  q^ses   it  is  a  sm'ooth 
curve  where 'as  many  points* 
might   lie  *a^ove  as*^>ep.ow  the 
line.     A  sample  grapn  for 
Situation  1   is   sho/vn  on  page 


O 
>0 


So 


MINISEQUENCE  IV/Activity  3 


TEACHING  SEQUENCE 


the  heat  energy  in^the  hotter 
watjfer  a'nd'the  colder  water 
over  the  period  of  time: 

•  What  became  of/the  Jn.e.u. 
in'  the  hot  sample?/  Where 
did  th^  new  h^e^uJ  gained^ 

'  by  the   coLd  sample  come  * 
from?     ,  •  V 

•  How\could  you   find  out  how 
many  h.e»u.   were   lost  by. 
the  hot  water  and  how  many 
were   gained  by  t-i^e  col^d 
water? 


6egin  by  considering  S-ituati'on 
,1*^' Sample   d.ata  and  calcula-  . 
ti^ns  are  given  below; 

Co;|der  Sample:     -        .  < 

BE^^ORE  ^     C55^TER  ^ 

Temp.-     17 ^C  T^ia^.  ^  23^C 

Vo^,2  measures     Vol-  2  >mecisu-res 


COMMENTAilY 


h  ♦  e V  u  .  34 


h , e ♦ u .  46 


Number  bf  Tx;e.u,   gained  12 

•  Ij\  which  direction  was  the 
K  heat   energy  transferred?* 


Nexi  consider  Situation* 2» 

H*ere  are  some  sample  data  and 
'calculaf ipns  :  ' 

278     '      .  '  ' 


The  children  should  sugges't  , 
that  some  of  the-  h  ♦  e      ♦  *  in^  the 
hot  sample  were   acquired  by  the 
coloS-aiOple  ♦ 


The   number  of  h.e,u«^losJ:,^and^ 
gairwed  could  be- ,<ie  t  ermined  by- 
ynak^in^  V-T  graphs  "before  and 
aftr^r  th^   transfer   took. pi  ace* 
If   you  fe^;l   the   children  would 
benefit   fnom  making  the  bar  ^ 
graphs   and  act-ually  counting 
the  h«e«u«,    c^Trfid.der  using 
Wor'ksheet   III-4   rn  tKe  Grade  4 
.Teacher's   Guide.     Hp^ever;,  most 
chi'ldren  will  be  able   to  cal- 
culate  the  h.e.u;  arithme^i- 
cally-at  the  bottom  of  Work- 
sheet tC\{-l.  *      ,  ^  • 


Hotter  Sample: 

BEFORE 

Temp*  35°C  . 
Vol .  -  ^1  measure 


23''C 


h  .  e  .  u  . 


35 


AFTER 

Temp.  

Vpl  *  1  measure 
'  h^«  e  ^  I 


2.3  . 


Number  of'h.e.u.   Tost  12 


They  should  respond  th*at.  the 
transfer  was   from  the  sa^mple, 
at   the  higher /tempeidfeCturje  to^ 
the  5tie  ^at  tho  Low|i/--exaQ t ly 
as  before*     Howevejix,  in  this'' 
situation/   b6th  sarnies  con- 
t^ained  about  the^s ame^^ n.umber 
of  h^e^u^'  to*begin  with^ 


287 


TEACHING  SEQUENCE 

Colder  Sample:       '  ^  / 


MINISEQUENCE  PV/Activity  ^ 
COMMENTARY       ,  - 1* 


Ho 


BEFO^RE 

T^mp.  19^C 


ATTEfe 
Temp , 


Sample; 


2^0 


Vol . 3  measured    Vol.3  measures 
?7 


h  .  e  .  u  , 


h  i  e  .  u 


6'9 


Number  of  h.e.u.   jgained  12 


•    Which  sample  lost%ieat  en-- 
ergy'?  ,  Which  one  gained  heat 
energy?  * 


InVwhic-h  direction,  was  the 
heat  energy  t rans|^ rred? 


ifow  did  you  know? 


r 


Hplp  the  children  come   to  the 
conclusion  .  that  he^t"** energy 
i?  tra^nsferred  when  there  are 
differences   in  tempera tur,e-- 
even  if  the  "colder  -^mple  l^as 
mo^re  heat  energy  ini.tially. 

•   Was   he4t  energy  co1iserve<i?  * 


•   When  did  the   transfer  stop? 

4'.     Draw^  ^  simplified  graph 
like  the  following  one  -on  the 


BEFORE 

*AFTER 

»  ,-*' 

Temp. 

36^C»* 

Temp . 

.  25*c\^ 

^    Voll  1 

measure 

Vol  .  1 

measure 

h  .  e  .'a,.. 

36 

h.e.u. 

25  1 

Numtier 

o 1  h.e.u 

.  lost 

> 

11 

Notice  ,th^t   in  'thi«   case   the^  ' 
number  of  h-.  e.u.    l^st  by  the 
hotter  sample'iS'l   less  that 
th^.  number  gained  by.  the  irolder 
sample.      Some  times ^ thes^  two 
number^  may  differ  by  eV^n  more 
because  of  "  lo  s  s  e^  "  ,^  i  .  e  .  ,  '  ^^^^ 
interac^dn  betweep  this  "opehl*' 
sys  t  em-^^gpd  the  -air.  surrounding 
it  over  the   5-mijiute   iate rval  . 


In  thi 


^j^ituation, 
sample  gained  heat   energy  " 
<^spi^te  the   fact  t^hat  ^it'  had^ 
nfoye   than  the  hotter  sample 
tQ  begin  with.         ^        -  '    -  ^ 

,  Again  tb^^heat  energy  was  trans- 
^  f  err.ed  trbm""  ^e   high^ei:  tem,-  % 
paraljure   sample   to  theAoWe'r. 

^  The  t  (smperat'ure^  o  f  ^  t  he^hot  ter 
sample\went  do'iva  while  ,tha.t  of 
the^' colder  ocTe^  increa^ed^ 


•the 


colder 


Yes--what.  was  giver)  up^  by  the 
hotter  sami>le  was  gained  by  / 
the   colde^r  on>e . 

^       ^   '  \  o  ' 

When  the   temperatures  became', 

eq^ual .  ^      .         .  '     •    ^  ^ 
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MINISEQUENCE  IV/Activity  3 


REACHING  SEQUENCE 


chalkboacrd  or  overhead'  pro- 
.je'ctor: 


50 

^  40 
1  30 

CO 

E  20 
10 

Sdippie  A 
( 2  measures 

of  water) 



>  >^ 
y 

/ 

Sample  6 

(1  measure  j  of  water ) 

i  • 

Q  1  2  .3  4  5 
Time  fmin) 

•  < 

Point  out  that  the  graph 
represents  two  samples  put  ^ 
in  cups   just  as   in  the  ex- 
periments  they  have  observed 

Ask  if  the  graph  seems  ajfl 
right. 


Direct  their   attention  to  the 
initial  and  final  temperatures 
and  to  the  sizes  of  the  two 
sampl^es  and  ask  *if  the  amounts 
of  heat  energy  gaine'd  anci  lost 
agree .  ^ 

When  the   chi^ldren  do  the  com- 
putations,   they  will  find  tBat 
Sample  A  had  40   x  *2  =  80 
h.e.u.   at  0  minutes  and  30  x 
2   =  60  h .  e..  u .   at  5  minutes. 
Therefore  it  lost   20  h.e.u. 
SampJ.e  B  went  from  10  x  1  = 
10  h^e.  u*   to   30  x^l  •=   30  h.e.u. 

280. 


COMMENTARY 


The  children  may'  say  that  the 
pines   come   together  too  q\iickly 
or  two  slowly, or  they  may 
make  other  comments  about  t^e 
shape  of  the  lines . 


By   this   time  many  children 
should  be   able  to  calvculate 
h  ..e  .  u  .  •  qui  ckly  . 


9 


8^ 


MINISEQUE^JCE  IV/Activity  3 


TEACHING  SEQUENCE 


•It   g-amed   20  h\e.u.      In  other 
words,    the  amount  gained  by 
one  sample  agtees  with  the 

-amount   lost  by   the  other.  - 
Thus   the. 'graph  might  repre- 
sent  the   results   of   an  actual 
experiment . 


Now  dTTSw  another  simplified- 
graphV 


L 


I  Sample  J 
(1  measure  of  water) 


-I0|-  irrr^^-SampJeA  ^ 

(2  nieasures  of  water) 


0  1  2  3  4  5 
Time  (min) 


^  With  titie   children,  calculate 
X^th^t  Sample  A  goes   from  20 
2*v=  40   h.  e.u.'  to   10   x   2  = 
20*b.e.u.     Therefore,   Sample  A 
losea  20  h.e.u.-*   Sample  B  goes 
from  36t^x   1  =   30  hle.u.  to 
5Q    X  1   =   50  h.e.u.,  gaining 
20   h. e . u. 

Ask   \t  the   graph   repres ents 
a  possible   experiment   like  the 
one  they  observed  in   the  early 


part  of  this' Act ivity . 
children  disagree  about 
graph,  let' them  explain- 
discuss   their  ideas. 


If  the 

the 

and 


ERLC 


COMMENTARY 


Here"  the   children  will  see  a 
graph   for  which  calculations 
of   h.elu.    give   the"  usual  re- 
sults:     the   amount' gained  by 
one, sample    is   equal    to  the  - 
«amount   lost,  by   the  other. 
Nevertheless     the  graph  jioes 
not   represent   a  reasonable 
set   of   results   bec'ause  the 
heat   energy   is    shown  being 
transferred  from  the  colder, 
sample'   to%the  hotter  sample. 


Some   Of   the   ch'ildren  will  prob- 
ably  say   that   the   graph   is  rea- 
sonable 'since   the   heat  energy 
gained  equals   the  .heat  energy 
lost.      But  'other's   should  see 
"that   the   graph   does   r\ot  make 
sense   since   the   heat   goes  from 
the   colder  , sample   to   the  - 
warmer . 
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MINISEQUENCE  IV/Activity  3" 


TEACHING  SEQUENCE^'* 


/ 


If   they  do   not  ^ome   to  the 
con^lu'S'ion  that  something  is 
wrong^with   th^  'graph,  have 
them  tell   you'  what   it  shows, 
Whicji   sample   is  hotter  at 
the  start?     Which  sample 
gains   hea  t  4.energy  ?     Is  the 
heat, energy   transferred  in 
the  way  you  wo.uld  expect? 


If  .some  children  are   still  not' 
c;oji\)^inced^  that   the   graph  is 
wrong,    let   them  set   up  an 
experimei\if   to   test   it  tak^-n^ 
a   plastic""  cup   an^  a  polyfoaym 
cu£,   putting  4   1-measure  sam- 
plelof   30°C  'water   in  one  and 
a   27^easure  sample  of,20°C 

/wat/er\in  the   other   and  con- 
ti?{uing.  as  -in   the   early  part 
of/  th^s  Activity.  /  The  re-  ' 

.  sjKilting  coordinate   graph  will 
■not  lo'okvlike   the'  one  in  th@ 
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41  lus  tret'ion , 


V 
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COMt^ENTARY 


Sample'^B  is   hotter.     But  Sit 
gains  heat  'energy."*^    In  the 
grapj^/    the   heat   e>Q^rgy   is  not 
transferred   from  hot   to  cold 
as   one  would  'expect. 

The  point  of  this   section  is 
that   a   heat   energy  transfer 
graph*of   this   sort   can  be 
wrong  even   if  the   number  of 
h.e.u.    Is   right;*.      That  is,, 
conservation  >  of'  energy   is  not 
the  whole   story.      The  direc- 
tion of   the   spreading  out  of 
energy   is   also   involved.  Heat 
energy   flows   from, regions  of 
higji  temperature   to   regions  • 
of   low  t emperature"-"-an  example 
of   the   "degradation  of  energy . ' 


2Ci 


.   MINISEQDENCE  IV/Activity  4 


Activity  4      From  Higher  Concentrg^ions  to  Lower  Concentrations 


When  a  high  concentration  of  mo'lecules   is  placed  within  a  sys-  - 
tern  in  which  the  molecules   can  move,    the  natural  tendency   is  for 
them  to  spread  out  through  the  available  sp^ace.     In  the  previous 
Activity;    attention  was   focussed  on' the  evening  out'  of  tamper- 
aturp^s.     The   childrer^  observed  that  heat   enei-gy  was  transferred 
from  one  part  of  a  system  to  another   in  the ' direction  of  the 
lower  temperature.      In   this  Activity,    similar  observations  and 
conclusions   can  be  nrade  about  the  two  parts  of  a  system--but  in 
this   case  the  evening  out'will  be  of ' the- numbers  of. molecules  of 
a  substance  in  water. .  This  property,    the  concentration,   can  be 
readily   follpwed,  i*n  this   instance  because  the  molecules  are  col- 
ored, ^ 

The  children  will  be. working  with  solutions   of  yellow  ^nd  blue 
food  coloring.     They  will   follow -the   transfer  of  the  dissolved 
molecules  by  the  chajige   in  color  /in  different  parts  of  the  sys- 
tem.    The  systems  will  consist' of   the  colored  solutions  sepa- 
rated from  cjear  water  by  the  walls  6f  a   cellophane  bag  through 
which  the  molecules  can  move.     The   concept  and  the  technique  of 
wording  with  these   "molecular  sieves"  were  ii\troduced  into  the 
COPES  curriculum  in  Grade  4.    'Hejre   the  children  will  observe 
that  moleca?Ies^  spread  out  from  regions  6f  higher  concentration 
to  t'hose  5f  lower  concentrat ion--ne'ver  the^rev^rse.  Onoe^the 
concentration  ''on  either   side  of  the   cellophane  'walls   is  thV 
same,    no  further  change   isXnot^d..  Hypotheses  are  developed 
to  explain  ^his   condition  o5^"eguilibrium.       Are   the  walls 
clogged?     Cjpn   the  molecules   move   only  in  one  direction?  When 
answers   to  fch^ese  ques  tions^^re  pursued-'bS^  the   chi Idr^en  ,  ^  they 
find-^that  even  more  dilute  •  solut ions  will  spread  in^o.the  avail- 
able water--the  wafls   are  not  clogged.     T^iey  also   find  that  the 
molecules  can  move  in  either  direction,    but  Always   towa^rd's'  the 
par.t  of   the  ifiystem  at- the  lower   concentration.      In   the  'aext  Ac- 
.tivity,    they  will  simulate   this   behavior  with  a  'game  of  chance- 
"blind"   selections  of  colored  beans   as  'they  are  exchanged  be 
tween  two  cups.  #  ^     .  » 


MATERIALS   AND.  EQUIf>MENT:  '      r      ^        \  '  -  ^ 

1     bottle    (1  oz)    of  blue   food  color inff^  '  ' 


1     bottle    (1/8  o2)    of  yellow  food  coloring, 


/ 


2^   transparent  containers   of  at   least  1-liter  (1-qt) 

volume  »  .  ..  ^  / 


/ 


MINrSEQUENCE. IV/Activity  4 


1     funnel,    any  size.' 


/ 


*4     containers,   with  pouring  spouts,    such  as   teapots  or 
pitchexs  '  •  ^ 

1     sheet  of   filter  paper  or   2  paper  towels   to   fit   the  * 
funnai  «  , 

Ipairofscissors',  '  ^ 


So 

30  - 
3-6* 

X 

2-4 


rol  1  of  Cellophane  tubing  (about  3  cm  (1-1/8  in,  wide) 
(at   least   600*  cm  *{20   ft  long)* 

'or  mor^   transparent  plas t i c.  cups ,    or  baby   food  jars 

*  » 

"or  more   clothes  pins 

cups,    1-oz    (approximately ' 30-ml) , c waxed  paper  or 
plastic  (optio^nal) 


plastic  sandwi  ch-s  i  z  e.  bags  wit-h  seals  ( opt  i|QKal ) 
calcium  chloride,    about'l/4   lb  (optional) 


*The  cellophane  tubing 'used  i'n  this  A^l 
sometimes   used  as   sausXge  casings   and  i 


thai^ 
called 

can  be  ordered  from  some 


I'ivity  is    similar  fo 
:he   same  as  that 

for   in  Minisequence   IV  of  Grade  4,  It 
butchers  or   from  a   so-ientific   supply,  house  where   it^will  be 
listed  as   "Dialysis  Membranes,    Regene,ra t i ve  Cellulose  Seamless 
Tubing."     A   100-ft   roll  will   be'  more   fchan  adequate   for  this 
J^lnisequence Since  about  '20   feet   are   used,    the   lOO'-foot  roll 
can  be  'Shared  with  other  classes.  ^    Ordinary   commei^cial  cello- 
phane will   not  work  bec^u-se   it  has   a  water-proof   coating  on  it 
Plast\ic  wrap  is   a  different  material  entirely  and  cannot  be 
subsvtituted   for   cellophane,  \ 


PREPARATION    FOR  TEACHING: 


Make  up  a  ]riter  o,^  blue   solution  by;addittg   1/4   teaspoon  of  blue 
food  coloring  to  er  liter  of  watei^  r  Place   the.  dilute   blue  solu- 
tion in  2  ^containers  with  pour  ing  ^pout  s       You  will   al'so   be  mak- 
ing up  a   l.iter   of  yellow  solution    in   front   of  the   cfass   by  add- 
ing' 1/4   teaspoon  of  yellow   food  coloring  to  a  liter  o,f  water 

Cut   30  pieces  of  cellop)iane   tubi  ng,    each  about  20  cm  ^(^8  -in, 
long.     Allow  the  pieces   to   soak   in  water  for  at   least   15  ^m?^ 
utes  prior  t'O-'Use. 


doing   the  Extended  Experience'  with  \he  children,' 

chloride 
obs  e  rved 


If  you  will  be 

follow  the  directions  for  making  the  calcium 
given  thero,.  That  experiment,  which  musNt  be 
long  period  af   time,    should  be'  set   up  atVthe 
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solution 
fpy  a 
beginhing  of   this  - 


'284 


'is 


MINI  SEQUENCE  l^f^Kctivii^y  4 


Act  i vity . 


ALLOCATION   OF  TIM 


The-children  will   need  about   1   to'  1-1/2   hoyrs   of  >class-tiine  te" 
complete   this/ Act ivi ty .      However,   observations  mus t  Joe'  made  over 
a  period  of  several   days  even   if   the  Extended  Experience   is    .  ' 
not   undertaken,  -  .  .  '  » 


^  TEACHING  SEQUENCE 

1.      Prepare  the   lit>er   of  yel- 
l.ow  solution  in   frortt   bX.  the 
children.     As   you  add   the\  foo'd 
color  to   the  water,   ask  the 
children  what   they  observe. 


Focus  their  attention  on  the 
't r^iftsparency  of  the  *  so lut  iggi 
Can  they  see  the  molecules^ 


What   if  you  filtered  thia^ 
'solution?     Would   the  liquid 
/coming   throilgh  contain  th-e- 
dissolved  yellow  molecules? 


Set  up  the    funnel  and 
a  smal^l  portion. .of 
sute 


filter 
_i  solu- 
tion 

dren   can  observe  ,the  liquid 
coming  through,   which  will  be 
just   as  yellow  as  'the  orig- 
inal' solution . 


Pass'aroilnd  pieces  of*  filter 
paper/  or   the  paper  toweling, 
.and  .have   the  'phildren  hold 
this   up  to   the  light*. 


COMMENTARY ' 


•  Can<you  observe  any  holes' 
in   it?  '   '  • 

•  What  can  you  say  about  the 

.  sirzje  of  t^he  yellow  molecules 
compared  with'^the   hol^s  in 
th^  paper? 


They  should  notice 
of   the  yellow 
the  water . 


the  spread 
color  throughout 


Not   the  "^indi visual  ones  .  Only 
the  .color   that  a   great  many  t 
molecules   impart   to   the  solu- 
tion.      •  '        ,  , 


You  m-ight  want  to   tell  the 
childz^en   that   food  color  is 
itself' a  v^  ry  concentrated  * 
solution  of  colored,  molecules 
in   some  water  and  alcohol. 


Place  the  remaining  yellow 
solution  in  two  4::ontainers 
wit'h  po.uring   spouts  . 


th*e- yellow  molecules  must  be 
smaller   s'ince   they  were  able' 
to  pass   through.      If   the-  chil- 
dren h-a^^e   had^  experience 
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"mINISEQUE.NCE  ■lV7Ac1;ivity  4 


ERIC 


TEACHING  SEQUENCE 

\ .  ■ 


Show  the  childreh  the 'cello- 
phane tubing,    te^ll  them  that 
it  a^cts   like   an  even  fiii.er 
-."sieve,"   and.  suggest   that  ^ 
,  they  see   if^^the   yellow  and 
blue         ut^aon  s  w.i  1  V^o  through 
it . 


Give   eath  team  of  children  a 
piece         moistened  celJ^ophane 
tubing.      After   the  'bottom  knot 
is  ♦tied  and  the   tubing  bJLown 
up,    oAe  tnember  o'f  the  t.eamv 
can  pdur^'in  some    (30  ml  or 
1  oz)  lof  ,the   dilu£e  yellow^ 
solutipn*  f  rom-  on^  ,  of   the  con- 
tainers with   a  pouring  spout. 
The   other  team  member  ckn  fill 
,his   or*\her  cellophane  bag  with 
some  of^^the   dilute  rbO-ue  vsplxv- 
tion.     A\fter   filling,  ^have 
them  carefully^  rinse   off   the  / 
ouj-si^de  with  water    (to  ensure 
that         CO  lor  ed^  ,sol  u  t  ion  acci- 
dently  sp,il,led  on  the  outer 
part  of  the  bag)  .     They   call  - 
then  pj.ace  .the  tag   in  a  vcup 


o.f  clear. water 
end   clipped  tc^ 
,»cup    (or'  glass  ) 
pin  . 


with  the 
the  r  i-m  ~oT~  the 
with   a  clothes- 


open. 

"err 


Encoui;age  the  children  to^keep 
a  -record  of  the  observat'-ions 
^hey  make.     Such  a  record 
might  include: 


Commentary 

■■  1     '  "  ■ 

separati-ng^  different  sized 
particles  with   sieves,  they 
can  see  that  the   filter  pap^r 
is   functioning  as  a  very  fine 
sieve  alsp. 

The  c:hildren  can  ^continue  tb 
work   in  pairs    in   this  Activi'ty. 
If  you  want   them  to  work  ^indi- 
vidually,  alter   the  materials 
requiremeiit  accordingly. 


This   tubing  was   used   i_n  Grade  4 
■Activities    to  help  establish 
the  existence  of  the   tiny  par-' 
tic  res   calle'd  molecules.  If 
the  children  are  not  familiar 
with  the  techniques   of   tying  * 
off/   opening,   aijd  filling  the  . 
"ba,gs,"   take   sort^etiTin^  to  show 
them  how:  '  remove  a^^oaked 
strip  of  cellophane  t.ubing 
from  the  water.    'Tie'of,f  one, 
''^nd  of   the   tubing  atfout   1  in, 
(2.5  cm)    from -the   e^d.     Do  this 
by  making  'a   knot   in  tl^e  tubing 
itself.     Rub   it  between  ^^our/ 
fi.ngers   unti^Jtlie   sides  become 
separated  from  each  othex*  -  You 
can  then  hIow*irvto  the  tubing 
to  •  open   it . 


Licjuid  inside^ 
t,he  bag 

L  i  q     d  o  u  t  s  i  de ' 
-  /  the  bag  r 

Observations 

T 

■  ,.  '  
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V  / 

MINISEQUENgE  IV/Activity  4 


TEACHI^IG  SEQUENC^ 


Have   them  observe   their  solu- 
tions  from  time  to  time  over 
a  pej^iod  of  a  hours  to 

see  what  happens. 


(. 


COMMENTARY 

■  -  /      <  ■■  . 

This  part  of   the  Activity  will 
require  only   a   short   time  to 
s%t   up,. but  observations  shou'ld't 
be  made  over  a^period  of  sever- 
al  hours  or  the  next  day.'  - 


2.     As}c   the   children   first  to 
describe  and   then   to  e:fp>lain 
what^they  saw.   %  .  »  / 


•    What  do 

y  ■ 


you  think  happened? 


The  children  will   have  observed 
that  both  the*  blue  and  the  yel- 
low colors,  have  appeared   irv  the 
water  outside   their  respect ive 
bags.    -The  yellow,  however,, 
should  have   appeared  outsi/de 
b  e  f  o  i/e   the  blue. 

B^s^ed;on^  their  observations, 
Some  of   the   colored  molecules 
appear   toi^have  moved   fro^n  in 
s-ide  the^  bag 


29G 


to  the  out  s/id^  . 
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MINISEQUENCE"  IV/Actiyity  4 


TEACHING  -sequence: 


X 


After  -the  children  lift  the. 
bags-out  of   the   cups,  ask: 

•  Do  you  observe  any'differ- 
ence   in   color  compared  fo 
the  so*lytion  you  s.tarted 
^with?  ^ 


/ 

•  Where  did*  the   colored  mole- 
cules go?/  ^ 

•  Do  molecules  always  move 
'from  ins^.de   to  ou*tside   the  * 
bag?     How*  could  you  find 
out? 

'     •  •  * 

To   find  out,    they  should  sug- 
gest  reversing  ^the  procedure: 
place  clear''water  in  the  bags 
and  colored  solutions   in  the 
CMP  s  . 


COMMENTARY 

^  A 

If  some   think   that  there "is 
leakage  of  the  solution  through 
the  knot,   have'  them  fill  an-^, 
'other  bag'and   insert  it  in  a 
cup  so   that  both  ends  are, stick- 
ing up.      (No  ^knot  will   be  Lr\ 
contact  with   the  surrounding 
water  .  )      They  wil 1  observe  the 
color  out'^ide   the  bag  even  vith 
thia  setup .   *       '  '  ^ 


'A^this  point   it  would  be 
^dvisabl^  to  have  one  tube 
with   the  oirigindl   yellow  solu- 
tion and  one  with   the  -original 
blue   splution   fo.r  -comparison. 
Depending  upon*  how  Ipn^  the 
experiment  was   running,  they 
may  observe  that   th^'  'color 
inside   the  bag  has'^become 
lighter  than   the   control,  s 

Thi;ough  the  -walls  of  the  bag 
and  'into   the  water  surrounding 
i  t .  ^  ^ 


ERIC 


288 


29 


The   cellophane*  bags,  may  be 
rinsed  and  reused.  If^allow.ed 
to.  dFv^  care  must  ^be  taken  not 
to^'  bend  the  cellophane  A>ecause 
it  will  be  brittle  andjmay 
cf-ack.^     But^  once   ri^nsed,  the 
ba-^  c^an  be*  kept   for  a  period 
df   time  moistened.      (3?h^y  can-* 
not  be  kept  indefinitely .  in 
water   since  mold  may  gr-ow*) 

Ttie   team  members   may  alternate*^ 
the   colored  solution  each  works! 
with.*   A^ain,    thesft  malecular 
sieying  experiments   take  t^ime . 
The  children  will  have   to  ob- 
•serve   their  setup'  over  a  period 
of  hours,   or  the  next  day. 


MINISEQUElviCE  IV/Act^lvitY  4 


V 


TEACHING  SEQUENCE 


3.      Again  ask   the  children*to^ 
describe*  what   they  saw  and 
then   try   to   explai-n  it. 


•  What  changes.  occU2;ed  over 
time? 


•  What  can  you   infer  might  be 
happening? 


When  might   thi,s   process  • 
stop?     Since  thre  colored, 
molecules  are  movi'lref^.in to 
tKe  bag,   do /you  thi.lik  they 
will*  all   land*inside  the 
bag? 


41     After   several   days,  the 
children   should   find   that  with 
either  system   (the^  blue  or  the 
yellow),    no   f urther  , change  is 
evident. 


ERLC 


COMMENTARY 


{ 


this   experiment ,    they  will 
ve  to  li'ft»out  the  bag  to 
^erve   changes    since  the 
rqunSing   liquid   i-s  colored  . 
thus    i t^i s   no)t  possible  to 
vi^w  any   ohangesNLn   the'^  bag. 

The^color  lightened  in  the  cup; 
the\clear  water *in  the  bag  ben' 
cama  colored.        "      '  ^ 

rently  the   colored  dis- 
id  molecules  are  again 
movirtg   through   tha  walls' and 
into  Ithe   glea^r 'water  . 

En'coutage.  them  to  allow  this 
experiment   to  continue  for 
severe 
ther 


day&  to   see  iwhat  fur- 
dha'nges   might   take  .plac*e 
Aet^ually,    once   the   concentra-  \ 
t  ion 
cules 


member  of  colored  mole- 
Ln  *a  unit  vol ume  o f 
^solution),  becomes^  equal    in.  both 
parts  if   thfe'  sysfem?    no  further 
cljange"  wi  11   be^vident.  Move- 
ment may  occur  back   and  f'orth  ' 
across   the  walls,   but  vha^tever 
goes    i_n|  will   be   coiintered  by 
"wha€  gojes  out  ,  *    The. net. effect  ' 
will  be   no  observed  chan*ge. 
The   System'is    in   equilibr ium,- 
The   molecules   have   spread  them.- 
selves  iut  evenly  over-  the 


a  va  1 1  a         space . 


29o 


Since   they  might  ^be  observing 
through  different  amounts  of 
colored  solution,   the  only  way 
they. could  be^ sure   that  the 
two  parts  *of   the   system  .even- 
tually  end  up*  in*  equal  concen- 
trations  is   to  remove  the  same 
amounts   of*liquid  from. the  cup 
and   from  the   bag  and  compare 
their  colors      Th*is   can  be 
conveniently  done  by  pouring 
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MINISEQUENCE  IV/Activity  4 


TEACHING  SEQUENCE 


Does^this  observation  'mean 
that   the   colored  'molecules 
can't  move   through   the  walls 
anymore?  ,  Why  do   they   think ^ 
no  •more   color  change   is  ob*^ 
served? 


Now  give  the   children  access 
to  more  cel'lophane  tubing 
(rinsed'will  be"  fine),  blue 
^ and  yellow   solutions,    and"  r 
transparent  .cups.  Encourage 
them  to  ussis   the  materials  to 
help  answer   any   questions  or 
hypotheses    the.y  mi'ght  have 
about   the   conditions  under 
which  moLecules  move  througli 
the  cellophane   walls.  .  The 
following   are   some  questions 
you  might   ra^ise   if  fhey  are 

^  not   generate'd  by   the  child^ren; 

*  •  >> 

•  l^hat   wilj   happen  if   the  — 
lighter  "solution   in   the  bag 
(after   it  has  come -to  equi- 
librium with   th^-  surround- 
ing solution)    i%  placed  in 
clear  water?   ^ill   the  'col- 
ored molecules  move' across 
the  walls   or  will  they 
spread  themsel-ves  out  even 
thinner  over   the  bag  and 
the   surrounding  water? 

290  .  ;       ,  ' 


COMMENTARY 


a   small  amount  of   each   into*  a 
1-oz  cup.      If   the   cups  are 
white,   al\L   they  need-  do  is 
observe   each  sid^  by   sifle  from 
above.    ,If   the  cups  are  trans- 
parent,  plac-e   them  on  white 
paper.,  '        ,  ^ 


J 

Responses?  might   i^nclude,  ^qudte 
co-rrectly,    that  only   when  con- 
centrations are  different  will 
there  be  movement  across   the • 
membrane,^,  (just  as  only'^when 
temperatures   a,re  differ e^nt  will 
there  be*  a   flow  of  heat  energyT*' 
but  don't  press   for  t^his  an-' 
swer.      Some  may  respond  that 
the, walls   are  plogged!  ^" 


The  wa^^in  whicji  you  conduct 
this  pa'-rt  of  the  Activity  will 
depend,  somewhat   on  your  own 
style   as   well   as   qn  the  chil- 
dren's  inclin^'tionS'.    .  Hope-  * 
fully,    they  will^  have   at  least 
one  9r   two   ideas  of  their  own 
which  th>ey  wish   to  investigate. 
Th,ey  may  discover  eaph  dff  the  * 


po  s  s^i  b  i  1  i 
gested  on 
others . 


ta  es, 
th.e 


which 
left  , 


ar e . sug- 
as  well" 


as 


They  Will  find  that  there  iS 
a   transfer  of  more  coloreci^ 


molecules 
wa  t ey' .  . 


into   the  clear 
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•TEACHING  SEQUENCE 

I 

V  How  lo^g/will   this  continue? 

,  •    If  they  4^eep  placing  ifgliter 
bags   in  cLear  water,  will 
the  color   ins.ide  the  bag 
ever  get  darker? 

•  If  a,  lighter  colored  sol^u- 
t4;On   is   placed   in  a  bag 
which. is   then   immersed  in 
a  darker   solution  rather- 
than   in  clear  water,  will 
the.  molecules   continue  to* 
move  out  of  the  bag? 

•  Do   the  molecules   in  both'  thje 
yellow  and  the  blue  splu- 
•tions  behave   in  a  similar 
manner  ? 

•  What  happens   if  the  blue 
solution   is  placed   in   tke  ' 
bag-and  the  yellow  .solution"^ 
in   the   surrounding   cup,  or 
vice  versa? 

•  What  happens  if  the  blue, 
and  yellow  solutions?  are"^ 
mixed  together/  placed   in  " 

•  the  bag  and.the^bag   is  then 
placed  in  •cl'ea;c  water?- 


5.     Discuss   th.e   results  ob- 
tained  in  any  of   the   ab o-v e 
e:(per iments'  which  were  per-  ' 
fbi;med  by  the' chi  Idjfen  .  If. 
new  questions   are   raised^  you 
may  wish   to 'provide  more-  time 
for   exper  imen^a.t  ion  . 

\ 


ERIC 


COMMENTARY 


They  will   find   that  mpvement^ 
is. always   from  the  higher 
ponce^tration.  of  color  t6 
the   lower . 


No-- the  colored  molecules  Will 
move  iji,  until  equilibrium  is  - 
reached .    '  -  <^ 


Yes 


The  blue  and  the  yeljow  will 
both   cross'  the  membrane,  .form^ 
I'ng  a  green  colored'solution 
in   the  bag  and   in   the  cup. 


Both   the  blue  and  the  yellow 
particles  will   qo  out  of  the 
bag   into   the, water,,   the  yellow 
before   the  t^lue,    just   as  if 

'  they  were'  in  the  separate 

'^bags.*  '      *  ^ 

Most  of  the  dispussion  can  and^ 
should   follow  the  children's 
interests.      The   conceptual  pur- 
PQse  'of   the'  Activity  wiil.have  ' 
be^en,.  served  -if   the  ^children 
learn  that'the    (net]^    f-tow  of" 
colored  molecules   is  ^rom  the- 
regiom  whef,e.  the'y  are  more  con- 
centrated to  the  region  wliefe 
they  ^ar-e   les^s  concentrated. 
it   two  kinds  of   colored  mole-  ' 
cul*es   are   conce^ntra ted   in   two  . 
'differe'nt  places  ;(  e  •  g  .  /  yellow* 
in  the^bag:  and  ^blue  outsi'de)^ 
,they  wili^  observe  tha4:  th-Q  yeJ-, 
low  molecules  wi li  move  away 
'/ram.  .the  space'  where*  they  are 
concentr'ated;    Similarly,  the 
blue  will  move   into   the  gpfeqe' 
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5      'TEApHING  SEQUENCE 


Finally.,    filtL   two  cellophane 
ba'gs  with  bj.ue  solution. 
Place  one   in  a  cup  of  the 
same  blue   solution  and  another 
in  a  cup  'of  yellow  solution*.  ■ 
^ow  these   to   the  class  and 
as^k^he  children  -to.  predict 
what  will  happen  In  each  » 
case* 


Ask  how  it   can  be   that  blue 
comes  out  of  <the   first  bag  an 
not  o.ut  of   the   second..'  Do'ds 
this. make   sense?    .Do   the.  blu.e 
molecules   "know"  th1?^i-ffer- 
ence  between  the'  yellow ' mole- 
cules and^the  blue  ones  t^hat 
are  outside? 


ERIC 


You  mcTy  consider  asking  ^he 
childrW  why  thfey  thinJo  the 
"CO lorecxymolecules  move  'fxom 
regions  of  higher" concentra- 
tion to  regions  of  'lower  con- 
cent^ration.  /  You  might  also  . 
want  to  consider  asking  them 
i£  they  see  any   similairi  t(re% 
between  the  transfer  of  the 
colored  particles  and  the 
transfer  of  heat   ener/gy  in 
the  preceding  Activity.  Do 
not  look  'for  ans-wers,  nor 
give  th^m  answers.^  Encourage" 
them  to  express ' the ir  ideas. 
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COMMENTARY, 


where  trhe  blue   is  dilute.  C  • 


They  will  probably  predict 
that  nbtl^iiVg  will  happen  in 
the   first  .case  and  that  blue 
color  will   come  out.  and  yellow 
color'  go  in  t^i^make   green  >in 
the   second  case . 


Do  not  answer,  these  questions, 
nor   indicate  that  later  activ- 
ities will  provide^  a'  tnodel  to 
^help  answer   them.     Some  child 
may   suggest   that  perhaps  blue 
does  come  out   in. both  cases, 
bXit   that  it   ife  not   seen  in  ' 
thf   first  case  because  just 
as  much  i)lue  goes   in.      If.  so,  , 
hav'e  the  ,class  co/isider  the 
suggestion.      They   sht)uld  ^ee 
that   rt*  is   at  least  a  reason- 
able possibility,   and  would 
eliminate   the  need   for.  the 
moleculee   to   "see"   each  other. 


.The   children  may  not  yet  sense 
the   similarities   in   the  ^obser- 
vation  that  when  concentrations 
were  <fiffer%nt,    there  was  move- 
ment across   the  cellophane.  ' 
membrane;   wh.en  temperatures 
were   different,    there  was  a 
movement  of  heat   en'ergy  across 
the   plastic  cup.     Also,*  both  *  \ 
transfers , stopped  when  the  ^ 
tempera ture s  or  concentrations 


301 


A' 

MINISEQUENCE  IV/Activity  4 


TE ACHJNG  SEQUENCE 


COMMENTARY 


became  equal.     Could  hi\gher 
temperature  substances  some- 
how be  considered  to  be  at  a. 
^higher- "concentration?"      If  so, 
•*a.  higher^^oncent  rat  id*ij^f  what? 
The  chi'Idren  will  'consl^r., 
these  similarities   again  in 
the  next  Activity. 


EXTENDED    EXPERIENCE:  .  | 

An  interesting  experiment   can   be  set  up  that  wiil   reinforce  the 
idea  that  within   a  system,    a  sol^tion  will   tend  to  become  more 
dilute   if  wate.r   is   ava'ilable,    just  as   the   colored   solution  did. 
A  1-oz    (30-ml)    cup  of  water  and  a  1-oz  cup  of   saturated  calcium 
chloride   solution   can  be  ryiade   into  one   system  by  placing  the 
cups^  in   a^  plastic  b^g  which  is   then'  sealed   to   isolate  -it  from 
the   surrounding  air.      Over   the  t^erio^cff  obserya't  ion ,  which 
must   be.  at  least   two  w^eks ,    the  chll'lren  will   observe   the  grad- 
'ual   transfer  of  water  the   s-alt   solution,    resulting   in  it^ 

dilution.     Eventually  /  a'll\th^w^ater .  will   become  p^rt  cf.  the 
salt   solution!      This  ^enome^non  adds   to   the  increasing  evidence^ 
tha^  concentrations  of  molecules  o^ti^ally  .tend  to   spreacL  out 
to^^become   evenly   distributed.     The   difference  here   is   tha©  only 
the'wateir  molecules  can  trans  fer-"in  'the  vfo-rm  of  water 
within'  the.  sealed  bag.  ' 


vapOr 


As  indicated  in  the  Preparation   for  Teaching,    it   is'  suggested 
that   the   experiment  be  run  concurrently  wi?h   the  others   in  this'" 
.Activity.     Periodic  observation  of   the   cups,   which  should'  be  set 
aside  in   the   classroom  where-^they  will  not   be   disturbed,    can  be 
made  on   into   the^  foll9wing  Activity   and  beyond, 'if  necessary.^  . 
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S  tar  t  'to  prepaf-e   a  saturated  solution  of  calcium  chlc^tide  at 
least*  the   day  before  -  the'  children  will  need'to   use   it.    •  }Ceep 
on  adding  soTid,   while  stirring,   until   some   appears  hot   to  dis- 
solve.    The  next   d^y,    or  after  several  hours,    try   to- di^s^^ve 
more.     Once  you  are  sure  no  more  will  dissolve,   let  it  cool  to 


(i'f  it   is   d^ydra^ted,    the   salt  will  "initially 
re-form  the  hydxate   salt,   with,   of  course, 
heat;'  if  it   is  hydrated   to  start  with-,    you  " 
water   to  make   the  soluti-on,    in  order  to  ^ 
The  solution  may  form  a  scum  on   top,  whdph 
Two  02  of  water,   more,  than  Enough   foi^  two 

which  is 


room  temperature . 
use   some  water  to 
the   liberation  of 
may  want  to  use  warm 
ensi^re  saturation.) 
will  not  interfere. 

'setups,   will  absorb  about   1/4   lb  'of  cal^cium  chloride, 
extremely  soluble 

•  \ 

The  children  can  set  up  their  bag  systems  as  follows 
the  control  —  have  them  place  I-02  cup  of  water  aTone 
sho.^ld  be   filled   so  that   the   level   is*, about  1/2   cm  from  the  top. 


In  one-- 
The  cup 


MINISEQUENCE  IV/Activity  4 


ffave   them  mark   the  water  level  on  thje  outside  with  a  crayon, 
TYii^  will  .serve  as  a  measure  of  the  amount  of  water  at  th'e 
start   of  the^  experiment .  *  T-he  cup  of  water  should-  then  be 
placed  in   a   sealed  plastic  bag.      In  the   second  plastic  bag, 
they  s-hould  place  'a  1-oz  cup  of  water,    filled  to  the  same 
(marked)    level   and  a  cup  of   the    saturated  calcium  ch3roride 
solution.      This   cup  also  should  be   filled  to  a»bout  1/^cm 
from  the   top  and  its   initial   level  marked  on   tl;;^  outside  o"f 
the  cup.      This   bag,    too,   should  be  sealed'. 


After   at  least   2  weeJcs     th^e -children  c^n-report   tj:ieir' observa- 
tions .     There   should'  be  no  observable  chan.ge   ia  the  water  level 
in  the   control   cup.      In  the  athe*r   system,*  the.^. water   level  will'^ 
be   lower  and   the  sol ut ion   level   higher.      After  several  more 
*w^eeks  ,    almost  all   the  wate^'  from  the  cup  of  plain  water*  wiLl"^ 
have   transferred  to   the  cup  with   the  sdlut ion-"-it  may  'even'^ 
overflowl         »  '  -  *,  y  " 

•  How  does   this   situation  compare  With   the   tran>sfer  of  the  food 
coloring?      In  both^  instances   there  appeared  to^  be  ^a  movement 
'from  a  high  concentration   to  a  lower  one.     ,But   in  'the'  caige  of 
the  food  colors,   b^th.the  water  and   the   food  color  molecules 
could  move  .      H^re  only   the  water  molecules  ntt)-ved .  ^  lielp  the 
children   see   bhat   in  bo th^  cas.es  ,"   the  ejid  ires ul t  -w^^s '.t ha t  a 
more  dilute  mixture   resulted .  /The*  calcium  chlo^ride  molecules,- 
or   the   food  color,   were  distributed  among  more  waiter  molecules. 
This   situation'  is  an  additional  ^example  of   the  natural   t  enden*cy 
of  concentrations  of  substances  or  .of  energy   to -'di^sip'a t e  • 
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Activity  5      A  Model  of  the  Transfer 


In  this.  Activity  a'model  of"  the  transfer  of 
oules  from  regions  of  high  concentration  to 
confce^tr a tion   is  presented   in   the   form  of  a' 
the  ^ame   "blind"   exchanges  -are  made  betwe,en 


the   colored  mole-  ^ 
regions  of  lower 
game  of  chance.  In 
two  Xpps  of. beans: 


Initiarlly  one  'cup  contains 'b^lue  and'white  beans,    simulating  the 


blue   solution;   the  other 
water^-'^one  .      Eventual  ly 
obserXre   that   the  numbers 
out  between  thja  two^-cups. 
of  blue  beans   iti   each  cup 


contains   only  white  beans , -s.imulating 
after  a   few  exchanges,  the(phildren 
of  blue   and  white  beans   tend  to  even 
Furthermore,,  a  graph  of  ^the  numbers 
as   the   exchanges   take  place  results 


m  a  representation  very  much 
the  one  showing  the  change  in 
cold. water  samples,  -are  placed 
this  bean-exchange  model ,  the 


the  idea  that  the 
colored  molecules 


like   the^  one  made   in  Activity  3  

temperature  with   time  when  hot  and 
in   thermal  contact.      By  means  of  , 
children- are   helped   to  come  to 


transfers  of' heat 


and  of   the  dissolved 


energy 

might. both  result  from  c hance' exchanges , 
What   is  observed--the   les!s'  concentrated  region  gaining  from 
th^  more  highly  concentrated  regipn^^^   thQ,  net   resulL  .  The 
children  also   use   the  model  to  .heljcif^^'plain  the  -unidirectional 
character  of   the,se   transfers,  another 


Degradation 


of  Ener,gy 


major  concept   in  the 


MATEIIJIALS^ND   EQUIPMENT:  ' 

1     lb  of  Navy    (pea)  beans^ 


1  aerosolcanofbluepaint 

32     cups   or  glasses,    t  ransj)ar  ent ,    (The  "old-fashioned" 

glasses  3-uggested  for  use  in  Minisequence  II  would  be 
a  gpod  choice,)  *       -  , 

1  glass-marking  pencil 

30  co^pies  of  Worksheet  IV- 2 

60  pieces  of   graph  paper,    4   sq/in."  (or  2/cm) 

30  copies  of  Worksheet  IV-3 


'PllEPARATION  FOtl  TEACHING:        '  """^^  ^ 

^    Start   the  preparation  a  few  days  i^gf ore' you 


n  to  do  this 


ERLC 


30q 


295 


MINISEQUENCE  IV/Activity  5 


h 

I/' 


Activity:*  ^lace   about  one  quarter  of   the  beTans,    (1/4   lb),    in  a 
large,    shallow  box  i^n  a   ventilated  area\     Spray  them  ^^ith  blue 
paint*      After   the  pain-t   has   dried  thoroughly,    stir   the  beansj^ 
to   expose   their  unpainted  sid^s   and  respray   them*     By   repeating  * 
this   a'  few  tim^fes   you   can   g.et  a  group  of  blue  beans  which  are  • 
clearly   distinguishable   from  ordinary  white  beans.      Each  team 
will   need  60  ^hite    (unpainted)    beans   and   20  blue  ones.      You  may 
consider^  subs tituting  white    (or   colorless)    tnarbl^es   and  blue' 
marbles   for   the  beans   if  you^ have  a  sufficient   supply.      It  is 
important   that   the   "feel"  of   the  whi.te  and  blue  objects  be  the 
same         as   not   to   influence   the'  "blind"   selection.      If  any  of 

e  or.  white  beans   aire  , much   smaller  'or  larger   than  average^ 
hould  be  discarded.     You  might   ask  a  few  children  to  help 
ickly   sort   out'  such  bean$.     They  can'^^sl^o  help  by  number- 
half,  the   cups  with  a   "1"  and  the  other  hai^  with  a  "2". 


ALLOCATION   OF  TIME; 


The  children  will  need  1-1/2  to  2  , hours  to  complete  this  Activ- 
ity. '  «  « 


ERLC 


NG  SEQUENCE 


*1.      Suggest   tg   the  children 
that  i;a  "at  temp  ting  to  explain 
the,  o^-sei^'vations'  they  made  in 
the-  preceding  Activity  it 
might  be  helpful   to,  develop 
a  model   of  how  the  colored 
molecules  might  have  moved 
from  one  part  of   the  system 
to   ano t her . 


•  When  you  began   the  experi- 
ment with  blue   food  color 
in   the   cellophane'  bag,  what 
did  the   system  look  like? 

.  V 

Show  the   children   the   suppl'ies  ^ 
of   white  beans  and  hl\x4  beans. 
»  « 

•  How  might   the  „beans. be  set 

up  to   r epr e s en t^th i s , sy s t em?  ^ 

Eventually   the  children   should  ' 
*  arrive   at  ,  the  suggestion  th^t 
the  watey  could  be  represented, 

*  *  # 
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■COMMENTARY 


The   i^ntent  of  this  Activity 
to  provide  a'  plausible,  large- 
scale  model   to  help  explain  the 
observations  made   in  Acti^^vitie? 
1-4   of   this    sequence.*  Howj^ver, 
the   children  begin  by  attempt- 
^n g   to  account  oni'y   for  the 
transfer  of   £ood  color  from 
regions   of  higher  cpnc^-ntra- 
tion   to    regions  of  lower  con- 
centration .  '  ' 

The   c^l^ophane  bag  contained 
blue   soylution?    the  outer  lii^- 
uid  w^s   clear  water-i/ 


Some  may   suggest  ,tha\^  the  blue 
beans  be  >put   in^one  place  and  , 
the  white   in.  another.      If  so, 
ask   if  one  part  of  the  experi- 
mental  sysi^'em  contained,  ^only 
blue  molecules.  •  *^ 


30. 


/ 
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TEACHING  ^SEQUENCE 


by^  the  white  beans  and  the 
-blue  solution  by  a  mixture  of  ^, 
^X^^  an-d^  white  beans.  Th.en 

'ask   two  'children   to  help  set 
up   such"  a  representation  so 
that  everyone  can  see  it: 

'Have  onetj^chi'ld  count  twenty** 
blue  beans   and  t wen ty  '  whit 
b.eans  -and  put  them  in  a  cup 

•nymber^ti^^  1  .  Ask  another  child 
to  count  out  fo^t^y  w)iite>  be,ans 
and  put  them  in  a  cup  numbered 
2. 

When 'the  two  children  hjave 
finishe'd  counting  out  the 
Heans, .have  one   of^ them  close  • 
his   or  her  eyes  while  the 
other  gives   both   cups  a  stir 
to  mix  th*e  beans.     Then  have 
the    f  ir  &t''chi  Id-  reach-one  ha*nd 
in*to  each  cup,'*take  out  .^t^wo 
beans  ^rom  each   and  place  thfem 
in  the  opposite  cups. 


After  the  cups'are  again  "V;^ 
stirred,    an^^agaih  w^tfehout 


After   this   f irst , exchange /  4 
beans  will   have  -changed  places 
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TEACHING  SEQUENCE' 


looking,    the   first  child 
should  switch  two  more  beans 
from\each  cup  to  the'  other'. 
At  this   point  have  the  seqond 
child  count  the   number  of  bl.ue 
beans  in  each  cup  and  report 
the  result   to  the  class.  Then 
repeat  the  above  procedure/ 
with  a  third  and   fourth  ex- 
change of  two  beans  eacht>way. 
Again  haye   the  number  of  blue 
beans   in  each  cup  counted  and 
if'eported  to  the'cUass. 

Ask   the  -children  what   they  ex- 
pect to  happen  to  the  "blue 
bean  oc^ant"   in  each  cup  as 
more  and  more  exchanges  are 
made.     Ask   them  how  certain, 
they  are  of  thei?;,  predict  ions 
and  whet^her  they'  think  eveiry- 
f  one  would  get  the  same  results 
if  they   tried  the   saiae  experi- 
ment * 

\  2.  *  p^uue^  the   children  are  sure 
of  the  procedure*  for  setting 
up  the  cups  and  for  the  ex- 
'  change  of  the  beans  between 
the   cups,    they  can  perform  the 

"•experiment,    in  teams   of*  two. 
Each  team  will   need.  60  white 
beans.,    20  blue  beans-^and  two 
cups,    (numbered   1  and  2). 
Thvy'will  also  need  two  copies 
of  Worksheet   IV-2.  -  They' 
should^count  and  record  the^ 
numbjer  of  bljae  beans   remain-  • 
ing.  in  cup   1  and  those  appear- 
ing^in   cup  2  only  after  every 
two   Exchanges -of   fiour  b-eans  . 
Be  'Snire   they  reali<ze   they  mu^t 

.   share  the   task  of  making  blind 
selections   from  the  cups  arid 
that  th^  beans  should  be  j 


mixed  in  each  cup 
selection  is  made. 


before  a 


:hWc 


Let  the  chl3ldren  di'scuss 
results  theyi  observed-  as 
performed  th^  repeated 
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they 
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AS   the   children  are   "blind  se- 
lecting"  the  blue  or  white 
beans  a'^nd  shifting  them,  refer 
to   the   shift  of  blue   food  color 
molecules  or  the  shift  of  water 
molecules. 

'After  the   fourth  exchange^  a 
total  of  16  beans  will  have 
changed  places . 


They  will  probably^xpect  the 
beans   to  becom^  mixed   in  both 
cups.  '  But  some  may' expect 
sometliing   else,   such   as  all 
the  blue  beans   moving   to  cup  2* 


If   the   exchanges  are  done 
properly,    there  will   always  be 
40   beafts^*  in  each  cup  .    « I  f  they 
:^^nd  that  there  are  more  or 
less  than  that' number  in  either 
of   the   cups  at  any  point,  they 
can   take  out   the   extra  beans 
from  the   cup  havirfg  more  by 
bl ind. se lection .      They  will 
th^n  have  an  equal   nuiflber  o  f 
b^anS   in  each  cup  again. 


No   doubt   trhe  ch i ]^r e n  will 
have  noticed  that  the  calors 
beVsfca-me   "mixed  u^"   as  the 


3 


WORKSHEET  IV-2            '  • 

\  Name: 

- 

i      NUMBER  OF  EXCHANGES 

NUMBER  OF  BLUE 

BEANS  IN 

Ur    l:UUK  BLANS 

CUR  1 

PTTD  9 
v.'  U  XT  ^ 

 -^7-  

c 

\ 

\ 

• 

*  o 

• 

* 

•* 

*  * 

\ 

•> 

< 

•  V 

i 

i 

1 

V, 

,  r 

•  • 

^  j   u 

.  ■  ^  -  r 
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TEACHING  SEQUENCE  , 

.exchanges  of  beans^betwee^n' the 
ttwb  'cups*  ^  Bel.ow  'Ls  a  set  o.f 
sample  data  'fr^ja^n  actual  '  ^ 
experiment : 


•  » 

NUMBER  OF  * 

NUMBER'  O'F  EfLUE 

E){CHAN6fi%  .OF 

BEANS  IN: 

FOUR  BEANS 

CUP  1 

C^P  2 

V 

0 

20  " 

^  0 

"  2 

18 

•    2  ^ 

*      4       V  -  . 

15 

*  • 

14  • 

a 

12 

*.  8 

^  ]>2  *  ' 

8 

12 

8^ 

'    ^14         .  V 

.  '  11. 

V 

16^  • 

12 

18 

11 

* 

9 

)  . 

^  20 

12  r 

•  8 

ERIC 


If  n6*one  mentions  *the  simi*- 
larity  between  this   a'nd  '^he^ 
experiment  with  ^the  blue  fo6d 
color  ,    you  c'an  a-sk  'how  the  * 
results  compare  with  that 
experime^nt.     Thi9   should  lead 
tot  the  realization  th2^t  just 
'  as   in  the  preceding  Act^vity^ 
.the  net  tr-ansf^^r  of  blue  coli^r^ 
Is   away   from  the  regi'on  of 
^  Hi.ghex  cpnceivtra tion  and  to- 
,wai?d  th^'  region  •of  -  lower  con- 
centration.     Thj^s   it  seems  to 
be- a  good  mode^.      In  thepre-- 
vious  case,    itNwas   the   trans-  < 
fer  of  invisib'le  blue  unit 
particles  or  vmolecules  ;  here, 
it  is  blue  colored  beansV 

300        ^  '       ^  ' 


COMMENTARY 

exchsfngin-g  went*  on. C  Perhaps 
t'hey  will   also   have  notic^ed/^ 
that  the  final   dis tr^but^ion 
of  blue  beans   stayed  close   to  1 
be ing'  equally  divid      .between^  > 
the  two  cups .  ,  ' . 


>  * 


r 
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MINISEQUENCE  IV/Activity  -5  ^ 


i 

i 


TEACHING  SEQUENCE 


3.     Next,    distrii)ute  goraph 
paper  and  a^   the   children  to 
graph   their  data.      They  should 
use   difvfe^ent   colored  pencils 
or  crayons   for.  the   two  sets 
of  points. 


^  ■  / 

COMMENTARY 


03 


03 

E 


0    I  2      4  :  ^     1     10     lij  •  1.4  :  IB  '  m  .  2,0 
.    ,      Number  of  exchanges  of  two  bwns 


I  V 


After  they  have  graphed  the 
points,  the  children  should 
try  to  draw  t^fe  best  smooth 


ERIC 
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MINIS^IQUENGE  IV/Activity  5 


TEACHING  SEQUENCE 


curves   passing  -t'hroug^h  or  'near 
most   of   the  pq^ints,    as  shown 
in  the-  illustration.'  When 
hey  ao\    most  of   them  will 
realize  that   they  drew  similar 
"treod  lines"   in  Activity   3  ' 
when   graphing  -the   data  on 
temperature  ^changes  a^  heat 
energy  was   trans f e](^red  between 
two   clips  of  water.  However, 
•the   children' may   poin^  out 
that^in   some   cases--as   i'n^  the 
illustrated  data--the  trend 
lines   don't   "come  together" 
completely  as   they  did  pre- 
viously.     They  also  may  be 
puzzled  by  the  way  in  which) 
the-  dat^   "jump>back  and  fojrthf*' 
towards   the  end  of  the  ex- 
changes.     If   not,    you  might' 
ask : ^  '  ,  I 

•  What  do   the  individual 
count's   show  at   the-  16th, 

,  18th  or  20t;h  exchanges?  Do 
the  counts  remain  steady  or 
do   they  appear   to  fluctuate? 

•  Why  do^  you  think  this   is  so? 


Some  of   the  children  jpaay  think 
that   they   ]|stof)ped  too-  s6on"-- 
if  they  carried  out  more^x- 
changes,-  the   same   number  T)f 
blue^beans  would  eventually 
end  up  in   each   cup.  Such 
children  ma^  be  interested  in 
'continuing   th^  mixing  beyond 
tw'enty  to   thirty  or  even  more' 
exch^inges^     Encourage  ttiem 
to  do  so . 

302  ,  ' 


COMMENTARY 


/ 


The   chi];^ren  may  point  out  that 
four  beans   are  moving  back  and 
forth  at  each   excharnge.  Since 
the   individual  oUps  contain 
only  40  beans,    this   is   a  large 
proportion .  of  a  smaJL-l  sample. 
Also*,    by  chance,    the   number  of 
blue  beans   taken  out  of  one 
may  be  counterbalanced 

bi^  .the  nTimbe r  put  in 
from  •the  other  'cup.  ^ 


cup 
exactly 


This  kind  of  experiment-  will 
show  that  once  the   colors  be-  « 
come  mik^d ,    little  m'or e  change 
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I 


/ 

.^^TEACHING  SEQUENCE 


What  if  the'   sample  and^  the 
numbe'-'r  of  exchanges  were 
large'r?     Woilld   the  final 
^fluctuations  be  as  'large? 


CP 


•  tiovf,  cpuldv  yqu  achieve  the 
effect  of  a   larger ^ sample 
with  the  data  you  have 
already  taken? 


MINISEQUENCE  IV/Activity  5- 
.COMMENTARY 


is, observed.     That  is, 'even 
though   exchanges   are   still  tak- 
ing place  between  the  cu-ps  ,*  the 
,rat  io  of'blues   to  whites, in/ 
each  cup  remains   about  the  same 
If  you  did  not  know  tha.t  beans, 
were  be>ing  trans^f  erred  /  but 
only  looked  ,at   the  two  cups 
over^periods   of.  time,   you  might 
infe*r  that   "nothing  wasMiappen- 
ing. "     Thu$ ,    this  would  provide 
a  nic^,  ^opportuni ty   for  a  dis- 
cussion of  Jthe   idea  of  e'quilib- 
rium'or'  a   "steady  state," 


There  would  al\ 


.yay  s 

tion  but   this   is  one 


ERiC 


be  fluctua- 
way  it  - 
could  be  minimized.     If  you 
wish,    and- if   some  children  are 
interested,    they  might  increase 
fll   the   numbers   of  beans  by  a* 
factor  of   five  and  then  try 
rep.eating  the   experiment.  In 
other  words,    thj^y"  would  put 
IpO  blue   and   100  white  beans 
in  one   cup  and   200  white  beans  • 
in   the  other;    and  they  would 
transfer   20  bean^   instead  of 
four  beans   in  each  exchange. 
Then  they   can  gra£^  the  results 
They  ^will   find  that  this  gives 
reasonably   smooth   lines  of 
points   similar   to   the  ^results 
of  averaging  in  the   next  Sec- 
tion.    The   fluctuation  will  be 
a  much  sm^ler   fraction  of  the 
total  number  of  blue  beans  in 
tTie   larger  sample . 

The   children  could  combine  and 
average   the  data   for  several 
^teams.     As   the  ^children  have 
learned   in  earlier  grades  of^. 
COPES,    the  averages   of  .several 
measuremehts  provide  more 
reliable,  results   than  any  one 
individual  measurement.  (See, 
e ,  g^.  ,   Activity  5  of  Minise- 
quence  V  in  Grade   5   and  the 
sequence  on   "Ave raging  afCd 
Sampling"   in  Grade   3 . ) 
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MINISEQUENCE  IV/Activity  5  ; 


TEACHING  SEQUENCE 


4.     Divide   the,  class, into 
groups  of  five.    *  Pairs* of 
children  who  worked -together 
in  the  previous  Sections 
shouldO^e  separated  so  that  * 
each  group  willTiave  five 
different  sets  of  data.  Gl.ve 
the  phildren  copies   of  Work- 
sheet  IV-3.      On   It'  they  can 
fill  in  the   five. sets  of  dat*a 
vthat  'members   of  their  group 
took   in  Sectio^n   2  ,  *  above  .  .The 
re'sults^  can  th^n  be  averagqcj 
in  whatever  .Way  thfey  wish. 


After   tbe   groiip^  t)f  'children 
have  Calculated  the  averag'es 
for  each  of  the  points,  they 
can  graph  their  average  re- 
sults  in  the   same  way  that 
they  previously  g-raphed  the  * 
original  results. 


^^irfiow  does   this  graph  compare 
with  the  one  whicfh  showed 
t etnper.a tu'r e   changes-  as 
heat   energy  was  transferred 
,     ^etwe^n   two\cups  of  water? 

^Ask   the^'  children  whether  there^ 
might  be  some   reason   for  the^ 
graphs   to  be  similar   in'  the 
two  activities. 


er|c  ^^'^ 
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To' insure  accuracy  they  will 
probably  want  at  least  two 
people   to  make  ^ach  calculation 
of  an  average.     An  example  of 
'a   filled-in  Worksheet   is  shown 
on  page   3  06^.    »  —  . 

Tfie   averages  will   show  a 
smoo ther-^rend  of  change  in 
blue  bean  concentration  and 
a'  closer  appr'ox^ma tion   to  an 
even  distribution  'Of  fcrlue  beans 
in  both   cups.      In   other  words, 
this   graph  will   look  even  more 
like   the  one  constructed  in 
Activity  3. 

•It;   is   very  Sim^ilar. 


As   they  compare  the  two  ac- 
tivities,  the   children  should 
realize   tha.t  both   involved  mix- 
ing—  one,  mixing  of  heat 
eaergy  and  tKe*  other ,    the  mix- 
ing  of  blue  beans.     In  both 
the    (net)    flow  wa,s   from  a  highe.r 
temperature  or  ^c'oncent ration  to 
a   lower   temperature  or  concen-  ' 
tration.      Finally,    in  both 
cases,   the   transferslowed  as 
the   concentrations  became 
nearly  th§  same^  (approached 
equilibrium) ; 
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WORKSHEET 


Name : 


NUMBER   OF   BLUE  BEANS 
IN   CUP  1- 


'NUMBER  ' 

OF  EX- 
CHANGES 
*0F  FOUR 
BEANS 


\ 


DATA   TAKEN  -  BY : 


0 


/  ■ 


ERJC 


AVERAGE 


NUMBER   OF    BLUE    BEANS  ^ 
IN   CUP  2 


NUMBER 
ajF  EX- 
CaANGES 

OF  FOUR 
BEAtJ^  - 


314 


DATA   TAKEN  BY: 


^ 


AVERAGE 
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WORKSHEET  IV- 3 


Name ; 


NUMBER  OF    BLUE  BEANS 
IN   CUP  1 

- 

NUMBER   OF    BLUE  BEANS 
IN   CUP  2 

NUMBEI^ 
OF  EX- 
CHANGES 
OF  FOUR 
BEi^NS 

DATA   TAKEN  BY:' 

AVERAGE 

NUMBER 
OF  EX- 
CHANGES 
OiF  FOUR 

be5>is 

DATA   TAKEN  BY: 

AVERAGE 

u 

Z 
<C 

a: 

(J) 
PC 

LU 

u 

>- 

n: 

'  UJ 

or 
(X 

D- 

— i 

uJ 

i 

O 

20 

20 

20 

20 

20. 

d 

O 

o 

O 

6 

f 

18 

17 

17 

17 

18' 

")l7.4- 

'  2 

2 

3 

3 

2.6 

4- 

15 

16 

15 

16- 

16 

ISG 

4- 

5 

4- 

5 

4- 

4 

4.4  • 

•6 

14 

15 

14 

14 

15 

14.4 

6  ' 

6 

5. 

b 

5 

5-6 

8 

12 

14- 

13 

15 

14 

13.6 

8 

8 

7 

5 

(b.4- 

lO 

12 

13 

13 

13 

13 

128- 

lO 

8 

7 

•7 

7 

7 

72 

12 

13 

12 

12 

12- 

12 

8 

7 

8 

8- 

^75 

'  IM- 

II 

13 

II 

13 

14 

12;t 

-14 

q. 

7. 

q 

7 

76 

16 

12 

13 

10 

12 

12 

11.8 

•  16 

8 

7 

lO 

8 

8 

8.2  . 

\S 

11 

12 

10 

11 

II 

ll.O 

18 

8 

10 

S 

q- 

q.o 

13 

8 

r 

10 

10.8 

20 

8 

7 

12 

q 

lO 

 «^  

1 

ERIC 
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MINISEpUENCE'  IV/Activity  5 


TEACHING  SEQUENCE 


Do  you  think   this  bean-ex-  • 
change  model   couj^d  be  used 
to  explain  the   transfer  of 
heat  energy  from  one  part 
of  a  system  to  another?  in 
what  sense  could  a  higher 
temperature  be  cons ide red 
a   higher  concentra  t  ion?      '  <- 


•  Based  on   this  'model,   do  you 
, think   it  would  be  possible 
to   get   all   the  blue  beans 
back  into   one  cup? 


ERIC 


•  How  does  this  model  help  to 
explain   the  fact  that  wh^n  ' 

.  a   cellophane  bag  of  colored 
solution  i^  placed  i'n^^ater, 
the  color  not   only  become*s 
the  same   inside  .and  outside'^' 

bag,   but   the. colored  -  -  ^ 
roolecules   do  npt  return  to 
the  bag  Ln   their  original 
concent  rat  ion   no* matter  how 
long  the  bag  is   left  in  the 
water? 

•  Can  heat  energy  be  "unmixed" 
--that   IS,   once  the  tempera- 
tures of  t^he  hot  and  cold 
samples  have  reached 


COMMENTARY 


AppareritJy  this   mode^l   can  be 
used  to  explain  those  phenome^. 
In  Mi  nis  equence   III   of  Grade  5 
the  children   learned  that  the 
molecules  of  a  substance  at  a 
higher  temperature   are  mo  re 
energetic  then  those  of  th-e 
substance  at   a  Lower  tempera- 
ture.    Thus   it  is  reasonable 
to   think   of  thpe  higher  tempera-' 
ture  watem^^rn  the   earlier  ex- 
perimentj^sj  cpntaining  a  highef 
c6ncentra ti/on  of  more  energetic 
molecules  than  did   the  lover 
temperature  water.  ^ 

The  children  have   found  that 
after  a  point,    continued  ex- 
changes of  beans   lead   to  no 
appreciable   change  the 
distribution  of  the  blue  beans. 
They. stay  mixed  in   the  same 
proportions.     Making  chance  o"r 
random  seler tions ,    the  trend 
is^  irreversible.     of  course, 
if  they  opened  t-heir  eyes  they 
could  pick  Out   the  'blue  beans 
and  put   them  ba^ik^-  in  the  cup 
they' were  .in  originally,  but 
this  procedure   is  hot'  analjpgous^ 
to  what  happens   in   the  phy'sical 
world  where   the   natural  tendency^ 
is   to  spread  out.'  -  ^ 

Apparently  events   a't  the  molec- 
ular level  are  governed  by  the 
same'^rules  6f  'chance  as   in  the 
model       These   exchanges   are  ' 
not   reversible.     TheT  former 
iiJea,   which   is   introduced'  here 
for  the  first   time'/  will  be 
developed  further  in  Minise-  ^' 
que nee  V.  ^ 


No--this   is   contrary  to  the 
children 's  observation.  In 
order  to  return  the   system  to 
its   original  'conditions,  one 
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MINISEQUENCE  IvyActivity  5 


TEACHING 


SEQUENCE 


equilibrium,    is  *the  heat 
energy  ever  transferred 
back   into   the   hot t.er sam- 
ple by   i  t^el^f? 


EXTENDED  BXP 


COMMENTARY 


would  have  tp  sej^arate   the  cups,» 
ad*d  heat  energy  to  one,   and  re- 
move it   trom  the  other.  In 
other  words,    the  intervention 
of  an  outside  agent   is  required 
togethe^r  with^  *an   ext'ernal  ener- 
gy  sou3(ce.      By  itself,'  the 
natural  [tendency  is   for. hea^ 
energy,.' also,    tospr^-ead  out  in 
'one  direction.      In   the  next  t^wo, 
/Activities   the  childfren  will 
•  observe  .how  these  unidirec tionaly 
matter  and  energy 


transfers  of 
take  place'. 


Some  o^f  ^the   children  may  wish  to  try  different  numbers  of  beans 
in  the   twp  ciips  .  .   For  ejcample,    they  might  ptit   twenty  white  and 
twenty  blue  beans   in  cup  1  as  before,, but  eighty  white  beans  in 
the'^other   cup,     *l'ry'  to   have  ^nore   th-an  one  trial  made  so  that  the 
Results  can  M^e   compared  and  averaged. 


This  experiment   shows   that   the   final,  -"equilibrium"   dis tributd^on 
approaches   equal,  concentrations   in   the   two   cups,    i,e.,  about 
"^'1  blue   out  of  40'  in   cup  1   and'13  blue  out  of   80   in  cup  2,  Note 
that   the  number   of  blue'  beans  does   not,  become   the   same   in  both 
but   the   concentration  or  percentage  of  blue  beans  does 

nearly' the  same.     This   is   analogous   to   the  way  in  which  . 
:rams  fer  stopped  wl:>en   temperatures  became,  equal   in   the  two 
f^amples  \n  Activity   3,   whether  or  n^Jt>-4;lie  actual   numbers  of 
re   the   sam'fer        •  \      .  ^ 


er|c  ''^ 


317 


;MINISEQUENGE  'IV/Activiti^ -'B 

* 

Activity  6   ,  Transfer  Along  a  Line  of  Cups  * 


The  c-hildren  begin  this  Activity  by  ob^serving  an  experimental 
sit;uation  analogous  tp   that  of  the  model   in  the  previous  Activ- 
ity:     two  cups,   one  which*  contains  blue   food  color  and  the  other 
which  contains  clear  water.     Asked  to  predict,   on   the  basis  of 
the  model,   what  will   happen  when  spoonfuls  of  liquid  are  ex- 
changed, ipetweea  tfle  two  cups,    the  chiliiren   suggesyt  that  the 
color  will  eventually  even  out  between-  thein.     A  more  compli- 
cated situation   is   then  introduced:*   what  will  happen   if,  in- 
stead of   two   cups,    there   are   five  cUps  ,   one.  containing  t:olQr 
*and  the  others,  only  clear   water?     the  'children   find  that  here 
also   the  color  eventually  becomes  equal   throughout.      In  the 
process,    however,    the   children  observe   an   intermediate*  stage 
in  which  a  gradatidYi  of  color  de velops**f rom  the  most  intense 
color   in  the   first^cup  to   the   least   intense   in  the  ^ast  cup.' 
This   color  gradient  is   seen  to^  be  the   result  of  'the  gradual 
spread  of  the*  cblored  material'  dow^i   the   line   from  regions  of 
hig^her  concentration  to  those  of  lesser  concentra t ion\      lA  the 
next  Activity  the   children  will  observe  a   temperature  gradient, 
which  develops  as*  heat  energy   is   transf,erred  along  a  nail.  . 

MATERIALS   AND  EQUIPMENT: 

1     container  of  at  least  4   lit^\(l   gallon)    capacity.^  or 
4  quart    (1-liter)  containers 


addi tionalxcont^iners   for  clear  water,,  if  neces&ary 
(Se^xJ^reparktion  for  Teaching),  ^ 

T  ^       *  » 

1     bottle  of  blue   food  coloring    (1   tsp  required) 

15     cups   or 'glasses,   transparent,    same   as   those  used  in 
'    Activity   5  ^  "  .4 

3.     large  spoon,   about  one   tablespooh  size 

For'  each   t^m  of   two:  .  ^ 

cups   or  glasses,  transparent 

1  large  ^spoon,   about  one   table  spoon ^ s ize 

2  blue   pencils  » 

/.  ■ 

2     Worksheets   lV-4  -  - 


'  318 


309' 


PREPARATION   FOR  TEACHING; 


MINISEQUENCE  IV/Activity  6 


Make  up  three   liters  '  (three  quarts)    of 'blue  color'ed  water  p3ing 
1/4  teaspoon  of  coloring  per  liter.      Put;  this   in  a  large  .con- 
^tainer  or   several   smaller  containers.     If  there  is  no  source 
of  water  in  the  classroom,   you  will   need  to*  set  up  additional 
containers   of  clear  water--four  times  as   mucfh   clear  water  as 
colored  water  will   bs  ne.eded,  ' 

S^t  up  a  row  of  five  'cups  ah^ad  of  time  and  fill   them  as  th.e 
children  will  be  doing  in  Section  2.     Make>  -a   series  of  exchanges 
described   there  using  the'  same   size   spoon  they  will  be  using,  i) 
until   there   isi  a  pronounced  gradation  in  color   from  the   first  f 
to  the   fifth  cup.     Take  note  of  the  number  t>f   aeries  of  ex-* 
changes -necessary  to  arrive  at  this   optimum' color  "gradient"-- 
•it  Vill  probably  be  about  20  series   of  exchanges/     Place  trhis 
set  of   cups   aside  where   the  children  will   not   see   them  until 
is   time   fqr  a  discussion  of  their  results. 


it 


ALLOCATION    OF   TIME:  ' 

No  more  than  1  to  1-1/2  hours  will  be  needed^ to  complete  this 
Activity,      .  1 


ERIC 


TEACHING  'SEQUENCE 


1.      Put  about  1/2   cup  of  blue 
colored  watei^g^nto  one  trans- 
parent cup  and  the  same  amount 
of  plain  water  into  another. 


Without  actually  transferring 
any  liquid,    show  how  you  could 
take  a   spoonful  of  colored 
water   from   the^irst  cup,  add 
it   to   the   second  and  .stir* 
Then  /show  how  you  could  take 
a  -spoonful   of  liquid   from  the 
second  cup,   add   it  to  the 
first  and  stir.     Again,  do 
n"ot  transfer  any  liquid,  mere- 
ly  show  how   it  is   to  be  done. 

•  What  do  you  think  you  will 
observe  when  the  liquids 
are  actually  mixed  in^j|iis. 
way?  '^9m 
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COMMENTARY 


The  actual  amount  of  .colored 
water  will  .depend  on  the  size 
of  the  plastic*  cups.  They*, 
should  be  about  three  quarters 
'full. 


Be  sure  that  all  the  children 
can   see  what  you  are  doing. 
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MlNISEQUENCE  IV/Activity  6 


REACHING  ^SEQUENCE 


Ask  the  children  to  predict  in 
as  much"  detail  as   they  can 

"What  will  happen   to  the  color- 
ing' of,  the   two  cups  of  watei; 
hs   the   spooning  process   is  ♦ 
continued.^     For  Example,   do  . 
they  predic't   that   the  colo;:i,ng 
of   the  .second  cup  will  eve'nt:u- 
ally  equal   that  of  the  first? 
Do   they   think  .all  of   the.  col-, 
oring  will   eventually  end  ,up 

■in   the  second  cup?  ^  * 


Next , ^proceed   to   carry  out  thB 
series  o*f'^  exchanges  ,    using  the 
spoon  and  stir.ring  after  'each 
transfer.     After   you* have 
performed  the   experiment,  ask 
how   the   results  compare  with 
their  predictions. 


Was^  the  blue  c.oloring  going 
only  .from  the  darker'  to  the 
lighter  solution? 


Finally   ask  what   the  .children 
think  would  happen   to ^the  col- 
ors  of  the   two  cups  if  the 
spooning  process   were   con-  % 


tinued 


"for 


a   very   long  time,. 


Now-  ask  what   they  expect  to 
hj^j^en   if   in^stead   of   two  cups 
the  system- cdnsist s  of  five 


3 


COWMENJ'AJ 


Based  on  the  model   they  devel- 
oped  in   the  preceding  Activity, 
the   cl^ildren   should  predict 
%Ltha't   the   color  would  eventual- 
ly even  out.      §ee   if   they  do. 
This  procedure   is  exactly 
analogous   to   the  bean  e'xchange. 

For   these  questions '^nd  for  any 
others*  that  may  come   up,  haye* 
the   (ihildren^  tak^  '  note  of  their 
predictions   for   later  checking 
with   the  results  of  the  actual 
experiment . 

\ 

The  water   in   the   clear  cup  be- 
comes  blue,    qyickly   at  fitst 
and   then  more   slowly   as  the 
exchange  pf   spoonfuls  of  water 
goes  on;     Eventually,  ^the  two 
clips  'reach  nearly   the  same 
^ shade  of  blue   and  no   mor^  chan^ 
is  seen,      in  other  words,   ex-  * 
actly   the   same   thing  happens 
as  with   the   change'  exchanges 
of  beans   in   the  model. 

The   cMldren  should  realize 
V  that  ysome  blue   coloring  was 
also  \carried  back   in  each 
spoon\f ul   that  was  transferred 
the   lig.hter  colored  water 
darker.      At   first  this 
ry  little.     As   the  two 
pproached  the   same  color. 


from 
to  -thle 
was  V 
cups 

the  aiAount  of  blue  , transferred 
was   abbut   the   same   in  both 
directions . 

;rhe  children  should  be  able  to 
predict   that  both' cups  would 
remain   about  equally  bliie  . 
N^either  cup  would  become  clear 
again»      IfV^a   few  of  them  wish 
to  try   this  out  and  'reporf^to 
the  class^later,   they  should 
be  encouraged  ^to  do  so. 


/ 


the 


At   this   point,  •discard 
contents  of/  the  two  cups., 
rinse   thepi,  .and   set  up^  a  line 
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TEACHING  SEQUENCE 


cups.     Demonstrate  one  ex- 
change down   the   five-cup  sys-% 
tem:      Take  a  sf/oonful  -c;xf  col- 
ored Water   from  the  first  cup, 
stir   it   into ' the  .second  and 
^bhen  take  a   spoonful   from  t'he 
,  secpnd  cup  and   stir  it  back 
into  the   first*      Now  go   on  to 
^the, second  cup.     Take  a  spoon- 
ful and  place   it  in  c^ 
'Stir.     Then-  take  a  s\ 
from  cup.  3  and  place 
cup  2   anfi  stir.  Repl 

(^e^   the   third  and  fourth 
,cup^  And  between  the  fourth 
and^ifth  cups: 

Ask  what   the  childjren  expect,^ 
•to  observe  as   the  interchange^\ 
process   is   repeated  manyT  many 
tiynes.'*  ^  Let   them  smuggest  an^ 
questions   they  may  have  that 
they  will  be  able*  to  aryswer 
when  they  try  it  themselves. 
Also,   let  them  make  any  appro- 
priate predictions   in  re-sponse 
to'questions  which  are  sug- 
gested. ^ 


2.      Working   in   teams   of  two, 
as  before,    the   children  should 
obtain  1   spoon  and  five  cups. 
Show  them  the  ^supplies  of  blue 
and  clear  wat;er  and  let  them 
proceed  to  selT  up  the   experi-  ' 
ment. 

Before  they   start  toi  make  the 
exchanges,   distribute  Work- 
sheet lV-4   and   the  blue  col- 
ored p^cils.     Ask  the  chil- 
dren to  color  \n^he  ^top  row 
of  cups   to  represent  wha-c  they^ 
obser^  initially. 

Tell   them  that   you  would  lik^e 
thejn,,Jo  color  in  'the  second 
row  of^'outlined  cups  after 
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of   five   cups;     One   d^^d  cup 
shpuld  contain  colored  water  ' 
while   the  other, four  contain 
clear  water . 

A  faint  blue  color  will  already  * 
b6  apparent,  in  the   second  .cup. 

With   thi  s..  procedure  ,    no  cup 
will   end  up   "minus"   a  sfl)OO^ful 
because  after* each   trans fer 
to   the   next  cup,  .a  spoonful 
i^   returned.      Be  ^ure   the  chil- 
dren  sea  just  what  you  do   so  ^ 
that   they 'can  repeat  -this  pro- 
cess themselves. 

The^hildren  will  probably  pre- 
dict  that  the  color  will  spread 
*.dow.i   the   row  of  cups,.     They  may 
plirase  it  this  way:    "the   color     '  ^ 
will   gej:  all  'mixed  up." 

For  exam^ple ,   a  child  may  ask 
how  many  of   the  interchanges, 
such  as*  you  demonstrated,  ,will 
be  needed  before  blue  coloring 
begins   to  appear  in   the  fifth 
cup."     Another  child  might  ask 
whether   the   fifth  cup  will 
ever  be  bluer  'than  the  first. 


The   5   transparent  cups  should 
be   identvical,   of  course,  and 
th^'y   should'  all   be  about  three- 
quarters   full . 
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^^;7fcrilNG  SEQUENCE. 


tljey  have  made   20  s^eries  of- 
ex.changes    (gone   20   times  down 
the   row  ofv5   oi^ps  spo^oning 
back  ^nd  fort^h)".      The^^  ar^  to 
use  «the  bottom  row  of  outlined 
'cup^  to  record  the  color  of 
the  cups  at   the,  end  o^  the 
experiment . 


While  the  rcli^ldren  are  work- 
ing,   set  up  a  row  of   five  cups 
with  colored  water  in  the  - 
firS't  and  clear  water  in  the 
rest.     Set  up  another  row  of 
five  cups,    showing  the  res'ul't 
of  many   series  of  exc^hanges^ 
^n  which' the  color   is  evenly 
istributed  throughout  alL*  . 
f  ive  cups . 

Ask  whether  everyone  observed 
a  progression  as   shown  by  the 


pre- 


sents of  cups  you  have 
pare'd.     Which   set   i§   like'  the 
set  they  >beg'an  with?  Which 
iset^  did  theirs   res'emble  after 
many,   mc^ny  e.xchanges? 


•  V7hat  did  you  ohsex^e-.  in  the 


^ 


cups  after 
exchangers  ? 


20   ser'iles  of 


3ring  out  the  row  of  cups 
showing  the   color  gradient, 
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If   you  find,   as   a  result  .of  , 
try  ing  thi^  out  ahead  of  time 
with  the   equipment  the  children 
will  be  using, ^that   20  series 
of   exchanges   is   not  suffici^ent 
to   reach  the  point  at  whit:li  the^ 
gradation   in  color  will  be  most 
pronounced ,    tell   the  children 
tp  color   in  the   second  row, af- 
ter the  number  of  series  of 

9 

exchanges  that  you  have  fojind 
Wi\l  yield  the  desired  gradar 
^tro^.  The  size  of  the  cups  or 
!glas>Bes ,  the  vo lutne  of  con- 
taineid  liquid  and  the  size  of 
thB  spoon  used  can  all  affect 
the   doint   at  which   the  g^radient 


s tob vious 


After  that, 


ihe   c^lor  even  o^it  more 

Ind  more  unti^  there   is  no 

jrceptible  difference  between 
the  color  of  €he  liquid  in  the 
cups. 


You  may  have  a   few  childrep  help 
you  to'  prepare   these   sets  of 
cups.     The  purpose   is   to  give 
the  <;hildren  a  visual  record 
of  color  chang'es   th^t  occ'ured,. 
for  use   in  discussion. 


The   children   should  all  havis 
observed  a   regular  progression 
from  the   initial  -situation  with 
all   the  color  intone  cup  toward^ 
the   equilibrium  situation  with 
the   color  evenly  divided  among 
thQ._fj.ve   cup^ .         *  ~  ' 

There  should  be<  general  ag-ree- 
ment  that  between  the   initial  \ 
situation  and  the  equilibrium 
situation  there  was  grada- 
tion in  color   from  most  intense 

in   cup  \Vv£2.^^^^^   intense  in 
cjup   5  . 
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How  would  you  explain  thps 
color   gradient?     How  *^id  ^ 
it  develop? 


Do  you  think   such   a  gradient 
of  color   existed   dur  in^  the 
time   when   the  blue   food  col- 
or was  moving  out   of  tfte 
cellophane  bag   into  theV 
clear  water  outside*?  ^ 


In   the  previous   Activity  the' 
cbildrfeji  observed  the  transfer 
of   blue  beans   into   a  g^p  of 
white'  beans   just   by  -chance 
picking-^     Here,    they  could 
actually  observe   that  a  spoon-^ 
ful^f  'liquid^  transferred  dow^ 
the   gradient  contained  more  of 
the  'eolot   J:h*an<  did   a^  spoonful 
trans  feared  the   opposit  e  way • 
(If   the^children  did'  not  ob- 
serve  thil   you  may   wish  ^o  have 
a^  few'  new  setups  prepared  so 
\that  the^  x^hildren  can  pay  close 
attenticm  to  t-he   transfer  of 
color.)  *  Again,    the   ne't    flow  i§ 
from  the^  region   of   hi^gher  con- 
centratioi}  €o  .that  o^f'lower'  cT' 
concentration,  ^ 


324 


Yes--but-  ijt  wou,ld  have  been 
difficult   to  s^e^"    lJ5wever,  • 
some  children  may  h-ave  noticed 
that   the   color  'appeared'^utside 
.the  bag  first  nearest;  the  bag 

wal  1  a^d^^then  gradually  moved 

fa^yt^her   out    into   the   clear  wa-  ' 
ter.     The  beauty*of   this  setup 
is   that   the   conter^ts  of  the 
four   cups  'which   contaii\ed  clear 
water  originally   remain^  sepa-  ^ 
rated  an^a 'therefore   easily  ob- 
servable^.     The' children  can 
observe   the*  spreading  out  pror 
cess   Tn   a   kind  of*undisturbed'' 
slow  motion,     Furthermpire,    they  • 
can    "stog   the,  action"  at  a  point 
in   time   during  the ^transfer  o^ 
colored  par t icl e s--s ay ,  after 

i. 
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•  Do  you  think  the   same  thing 
happens   in  the  'case  of  the 
transfer  of  heat  enfergy? 


ERIC 
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COMMENTARY 


the   first  20  series  of  ex-. 
,ch^anges--and  observe  the  stages 
in  the  evolution  of  the  system 
a's   it  approaches  equilibrium. 

Invite  speculatipn  about  this 
question  as   a  t'ransition  to 
the  next  Activity.  Because 
of  other  si^imilarities  between 
the   two  ^types-of  trans fer^^^^^me 
children  may  predict'  the  exis- 
tence  of  a   temperature  gradi ent 
in  a  comparable  situation. 
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Activity  7     Transfer  Along  a  Nail 


Earlier  in^  this   sequence   the  children   studied   the   transfer  of 
heat   energy,  from  a  hot  sample  of  water   to  a  cooler  one  with 
which   it  was   in  physical  and  thermal   cnntact--but  not.  mijced. 
They   found  .that  heat  energy  spread  from  the   hotter  t6'  th^e  cooler 
s  ample   no  jnatter  what   the   initial  heat   energy  of   the   two  sam- 
ples.     This   transfer  continued  unt:il  all  parts  of   the  system 
were   at   the   sarn^  \temperature .    .In   the  present  Activity  they, will 
observe^  the   transfer  of  heat  energy   through  a  continuous  medium-- 
a  lorvg   irop  nail.'    In  this   setup  there   is   no  physical  separation 
of  different  parts   of*  the   system.      Also,    it   is   "open"   with  re- 
spect  to   its   sur roundngs s ,    as   compared  with   the   insulated  double- 
cup   system  investigated  previously.  -  ^ 

The  children  construct  an  apparatus  which  allows   them  to  mea- 
sure  the   temperature  along  the   nail   in   four  places.  Observation 
of  th^four   thermometers   will  show  a   temperature  gradient:  If 
a   flame   is   adding  heat  energy   to  one  end,    children  will  observe 
a,  gradation   in   tempera^tures   down   to   the  ^nheated  end.      They  will 
observe  an  opposite   temperature  gradient   if  a  piece  of  melting 
ice   removes   heat  energy  from  one  end^.      m  other  words,    as  before^ 
they   can  infer   that  heat  energy  is  being  transferred  only   from  . 
higher   temperature   to   lower  temperature   regions.      The  tempera- 
tures  will   even  out'  if  a  heat   source   is   applied  to  both  ends  or 
if  all   sources  of  heat  ar^   removed.-     This   is^  analogous  .to  what 
happened  in   the  previous   Activity  where   eventually   the  color 
evened  out   in   the   five  cups. 

#  •  *         •  '    .  < 

The   tenl'perature  '  gradient   is  very  similar  to   the   concentration  , 
gradient  of  colored  molecules   ii^  the   five   cups.      in  both  cases, 
the^  tendency  is   for  material  or  heat   energy   to  spread  out  in 
one^direction:      down   the   gradient,    frofn  higher  cojicfentration.s 
to   lower.      The   random  pjcocess  by  which   this  Jiakes  place  will  be 
explored  more   fully  in  Minisequence  V.  ^-  ,  _         '  / 


MATERIALS   AND   EQUIPMENT:  ^  -  ' 

supply  of  cellophane  tape  ,  " 

supply  of  alun\inum  foil 
V      1      latge   iron   nail,    at   least   10  cm    (4^  in.)  long 

1     pi^ce  of  corrugated  cardboard  as  described  below 
A     thermome t erp  asdescribedbelow 
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1     clock  or   timer  with  sweep  second  hand  ^ 
supply  of  paper  towels 
For  each   group  of  4  childr'en: 

4     thermometers,    -20^C.  to. +50**C 

1     piece   of  corrugated  ca^rdboard/^i  3   in.    by   7   in.    (8  cm  by 
18  cm) 

i 

1     large   iron  nail,    at    least   4   in.    (10   cm)  long 

scissbrs 

,  1  smallrubberband 

^  2     candles,    preferably  the   short,    fat   type   used  in  Mini- 

sequencell  ^ 

1     3   in.    by   5   in.  (8   cm  by  '12.5   cm)  card 

2ice,  cubes 

1     large   aluminum  nail,   at   least  4   in.    (10   cm)  long 

(optional)      vJi  ,  1  , 

1     piece   of  glass   rod,    at   least  4   in.    (10   cm)  long, 
e.g.,    glass   swizzle  stick  (ojDtionalJ 

Worksheet  IV-5 '( The . number  needed  will  depend  on  the  ^  ^ 
number  of  experiments   the  children  do.)  ^ 

u4     pieces  of  graph  paper,    4   sq/in.'  (2/cm)  '       '  ^ 

4     red  pencils  ox  crayons 

PREPARATION   FOR  TEACHING: 

Before   teaching  this   Activity,   prepare  one   hfeat   transfer  device 
in   frontx  of  the  children   as   described  below  and  on  ,page  319. 
This   can  be  used  *as  >n  example   for   t'he   children  when   they  con- 
strue^ their,  ow^n. 

Cut'  a   2-cm  square  of  aluminum  foil   for  e»ch  of   the   four  ,ther- 
mometers.      Wrap  and  crumble   these  around  the  bulbs,  of   the  ther- 
mometers.     (If  the  bottom  part   of   the  plas'tic  backing-  has  been 
cut^  away   f<rom  t^he   thermometers   as  a  result  of  their'^  work  in 
Activirty   4  ot  Minisequence   II,    the   thermometer  can  still  be  . 
used,    of  course.)     Cut  a   larger  piece  of  aluminum  foil  about. 
20  cm  by  30  cm  and  use  it   to  cover  completely  the  pi^ce  of 
corrugated  cardboard.:  A   little   cellophane   tape  on  the  back 
wil'l  keep   it  in  place. 
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N-ext,   place   the'  four  therm^om- 
eters   side  by  Side  lengthwise 
on   the   foil-covered  cardboaird. 
Use  a  ^uler  or  other  straight 
edge  to  get,  th^^e  thermometer 
^bulbsinto  a  straight  line. 
Then,  tape  the   ends   of  ,the 
thermome ter  backings   to  the 
covered  >cardb^oard. 

Finally,   plate   a  nail  under 
the   thermometer  bulbs.  It 
s'hould  extend  out  one  or  two 
centimeters. -on*  each   side  of 
the  array  o^  thermometers: 
Loop  a   rubber  band  over  one 
end*   around   the  back,    and  over 
the  other  end  to  hold   the  nail 
in  place.      If  necessary,  move 
the   n'ail   slightly   so   that  it 
passes   directly  under  the  bulbs 
of  all   the  thermometers ,  as 
'  shown  *^n  tYfB  sketch. 

It  would  sav^  time   if. the  piece 
of  Corrugated  cardboard  were 
pre'-cut   ta  the   nece'ssary  size. 
You  will  also  need   to  prepare  ^ 
ice   cubes  ahead  of  time. 


ALLOCATION   OF   TIME:  .  y 

The  children,  will  need'  1-172  to 
tivity.        .        ^  ,  -v.'-^^ 


2  hours  *to  camplete   this  Ac- 


TEACHI-NG  SEQ^HNCfi 


1.      As   you  begin   this  Activ- 
ity  you  might  review  with  the 
children  wh^t  changes   in  tem-^ 
pera tur e  they  observed  when 
they  placed  a  cup  of  hot  wa- 
ter  i"n  an  insulated  cup  of 
cold  water. 


COMMENTARY 


^  TJiey  should' re(^aJ/i   tha't  tT\e 
temperatures  equa,.liz^d  .      The  ^ 
water  at  the  higher?*  tempera'ture 
gave  up  heat  energy*  to   that  at 
the   lower  temperature.     ,The  end 
^sult  was   that   theo  heat'  energy 
redis trijDuted  itself  over  the 
t^otal  amount  of  water  avail- 
just  as   the''  blue  mole-, 
did,   and   the  temperature 


able,, 
cules 
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Wiiat  do  you  predict  would 
h4ppen  to  the  temperature 
of  a  system  consisting  of 
a  nest   of   four  ^cups  contain- 
ing cold  water  and  one 
innermo.st  cup  containing 
hot  wa*tgr7 


Would  t'he  transfer  of  heat 
energy  stop?     If   so/  when?. 


If  you  put  a  thermometer  in 
each  of-^the   cups   during  the 
heat  transfer,   what   do  you 
think  you  would  observe? 


•  Suppp'se  the   outermost  cup 
were  not   insulated  and  you 
had'S  way  of  keeping'  the 
water   in  the   innermost  cup 
at  a  high  temperature. 
WouLd  .}:he  temperature  even- 
tually become  i^he  same  * 
throughout?  '      ^  ^ 

Suggest   that  the  children  find 
out  experimentally  what  would  ' 
happen,  when  he'at  energy  is 
applied   to  *one   end  'of  such 
a   system.    '  A  system  consist- 
ing of  several   nested^ cups 
containing  water  and^  thermom- 
eters  i's   difficult   to  work 
with,    however.     A   less  %wk- 
ward   setup  to   test"  their  ideas 
can  be  made  us  ing   theYmome t e rs 
and  a   l^rge  nail.      Bj-ing  out 
the  heat   transfer   device  that 
you  made  ahead  of   time  and 
show  it,  to   the  children. 

*  *  * 

.As  you  show   them  the  four 

thermometers,    indicate  that. 

they  can  use  them  to  measoire*' 


COMMENTARY 


in  both  parts  of  tjie  system 
became  the  -same. 


1, 


The   children  "Should  e.xpect  that 
the  hot^  sample  would  transfer 
heat  energy . to-  the  ne^t  samr^ 
pie,   which  would  get  hotter 
an<3  then  txans  fer  heat  energy 
to  the  next,   and  so  on  down 
the   lirie--as  with  the  transfer 
of  colored  particles. 

It  could  be  predicted  that  the 
transfej^  would  s?top  when  the 
temperature   throughout  the  sys- 
tem was  .the  same.* 

Some  children  may  sense  that 
there  would  probably  be   a  ' 
gradation   in  temperature   from  \. 
the   inn-ermost  to   the  outermost 
cup?   o*thers  may  not. 

Invite  the   chi'-ldren's  "  specula- 
tion about  what  would  happen  in 
such  a  sy^stem,   which   is  unlike 
any   they  have  worked  with  be- 
fore . 


Some  cTiildren  may  enjoy  the 
challenge  of  trying  out  the 
above   " thought -experiment " 
with  the   cups.      i'hey —should 
be  encouraofed  to  do   so,  using 

\^n  'insulated  outermost  con- 
tainer and  a  sample  of  hot 
water   in  the   innermost  con- 
tainer.     (They  need  not  be 
restricted   to  the*  use,  of  small 
cups.)      Set*ting  up  an  uninsu- 
lated svstem  in  which  the 
innermost' water   is  kept  con-. 

^  tinuously  hot  i-s   e'ven  more  of 
a   challenge.     Encourage  inter- 
ested children  to  work  out  a 
way  of  doing  , so.      (One  solution 
would  be   to  use   a  series  of 
graduated  Pyrex  measuring 


\ 
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MINISEQUENCE  IV/Activity . 7  • 


TEACHING  SEQUENCE 


temperatures   along  the  iron 
nail  wi^th  which  they   are  in 
contasSt.      Instead  of  having 
a  series   of  cups  ^ith  water, 
*the   nail   is  .the   substance  to 
which  heat  energy  \)ill  be        *  ^ 
added^^     Tell   them  that  they 
C  will  be   subjecting  one  end 
to  the  flame  of  a  candle. 

The' children  should  notice 
that   this   device   is  completely 
open   to   its  surroundings. 
There. is   no   insulation  at 
^'reither  end  of   the  nail. 

•  If  no   end  has   its  tempera- 
ture raised,   what  do  you 
predict  will   happen   to  the 
temperature  ^long   the  rest 
of   the  nail? 


2.      The   children  can  conven- 
iently work   in   groups   of  tour 
•  for'  this,  activity.     Have  each 
group  obtain  4  thermometers, 
a  piece*  of  corrugated  card- 
aboard,    some  aluminum  foil. 


a  na i 1 ,  and 
Assist  them 
similar  devices 


a   rubber  band, 
in  constructing 

to  the  sample 


setup  m   the  manner  described 
in  the  Preparation  for  T'each- 
irig.      Have   each  group  first 
cut  out   the  pieces  of  alu- 
mi*num  foil   required:      f ou^^ 
2-cm  square  pieces^  to  cove-r 
each  bulb  and  one   piece  20  x 
30  cm  to  cover  the  cardboard* 


C0>1MENTARY 


containers   with   the  smalJest 
one  holding  water  kept  hot  with 
an  electric   immersion  coi*l 
ordinarily  used   to  heat  soup 
or  other  \iquids . ) 


Intuitively   they  may   expect  the 
end  where  heat   is   applied  to 
hot,   but  many  mayv^expect' 
entire   nail   to  get   just  as 
hot   i^  heat   energy  is  constant- 
ly,supplied   to  it. 


get 
the 
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The   thermometers   may  vary  some- 
what  from  lot   to   lot.  Those 
used  by   each   team  should  have 
theisT  bulbs   in  the   same  posi- 
tion with  respect   to   the  tem- 
perature markings   so   that  they 
may  be   placed  with   their  cor- 
responding markings   in  a  hori7 
zontal    line  when   the   bi^lbs  are 
lined  up .     The  thermometers 
should   also  be  checked  to  see 
that  their   stems   are   not  'loose 
and  that  the-ir  calibrations 
agree.      Loose  .stems   can  be  - 
secured   to   the  backi*ng  with 
tape  at   the   upper  part  of  the 
stem;    the  calibration ;   or  simi- 
larity/  in  response  between  the  ^ 
four   thermometers ,   can  be 
checked, by  placing  the  thermom-  * 
eters   in  ^.  foam  cup  of  water 
at   room  tempera^ture,  stirring, 
and  reading  to   see   if  all  four 
register  nearly   the*  s^me  tem- 
peratures . 
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MINISEQUENCE  IV/Activity  7 


TEACHING  SEQUENCE 


When  the   groups  of  children  ' 
have  completed  construction  of 
their  heat'^X^ans f er  devices, 
distributee  a  candle   to  each 
group.     Also  distribute 
copies  of  Worksheet  IV-5. 


near/ 


r-n 


/ 


Discuss   the  Worksheets  and 
procedures.     Suggest^  ^that 
they  first  record   the  tem- 
perature of  the  thermometers 
in  the  time  0   line  of  spaces*. 

For  their  first  exp-eriment 
with  this   setup,    they  can  heat 
the  .nail  by  placin'^  one  eod 
but   not   in  the  side  of 
Working, 
be 


the  ^candle  flame 
teams  they  should  be  abl*^ 
devise  a  method  of  reading^/ 
and  recording  all   four  tem- 
peratures  every  half  minute. 
Caut  ion  the   ch  i ifiren  not  to 
let   the   temperature  of  any 
thermome t er  go  above  45°C. 
(The   temperature  will  con- 
tinue to   rise   even  after  the 
end         the  nail   is  removed 
-  from  the   flame   and  'if  it  goes 
.  above  50°C,    the  thermometer 

can  break.)      When  any  thermpm- 
^eter  reaches   45°C,    they  should 
remove  the   device   from  the 
flame  and  continue  making  ' 
observations   for  several,  more 
minutes . 


ERIC 


COMMENTARY 


To  make  the   candles  stand  up 
properly,    you  may  suggest  spill- 
ing, a  few  dfops  of  wax  onto  a 
3  by   5  card  op  the  table  a'nd 
then  placing  the  base  of  the 
candle   in  th>e  wax  befojre   it  ^ 
hardens.     Caution  the  chiJLdren 
to  renfove  all  papers    from,  the 
ar^a"*  around  the.  candles.  Also 
see   that  an^^  long  hair  or  loose 
clothi-ng   is   tied  back.  Remind 
them  ag^in^as   in  previous  Ac- 
titi'ties.,   of^the  .precautions 
they  must  take  in  working  witH 
any  open  ,f  lame  . 


If  the  end  o'f  the  lia^il 
placed  directly  in  the 
the  temperature  of  the 
thermome ter  will  rise 
rapidly. 


1  s 

f lame , 
c loses t 
too 


\ 


Since   they  will  b,e/Colding  the 
end  of^the  nail  near  part  of 
the  candle   flame  while  they 
read   the   temperature   of  all 
f our^  therm'ome ters  ,   the  chil- 
dren  must  be  very  careful  not 
to  get  their  faces  so  close 
to  the  system  as  to  be  too 
near   the  flame. 

One  member  of  the   team  might 
be  selected  tocount  time--that, 
is  every  half  minute   for  the^ 
readings.      if  there   is  no  sweep 
second  clock  in  the  room,  you 
may  have. to  be  the  time  keeper 
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WORKSHEET  IV 

-5  • 

Name:  *• 

TIME. {min , ) 

• 

TEMPERfVTUR^    {  °C) 

 1 

*   ^ 

Thermometer  1 

Thermometer  2 

Th'ermome ter  3 

T^l^mometer  ^4 

0 

■ 

1/2  ^ 

r 

1 

\ 

1-1/2  - 

2 

— ^^^^  

• 

2-1/2 

- 

0 

3 

3-1/2 

4 

'  4 

4-1/2 

t 

*■: 

« 

5 

9 

:  I 

5-1/2 

/ 

•< 

6  • 

 » 

.  6-1/2 

* 

c 

7 

/  - 

< 


DESCRIPTION    OF  EXPERIMENT: 


V 

\ 

/ 

) 
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MINISEQUENCE  IV/Activity  7 


TEACHING  SEQUENCE 


AB  the  teams  aire  ready  to  pro- 
qeed  with  their  experiments/ 
you  or  an  assistant  can  go 
around  with  a  lighted  candle 
from  which  the  groups  can 
light  their  own  candles.  ' 

'3.      After   the  children  com-  . 
plete   this   first^  experiment, 
where  heat   energy  was  addec^ 
to  one  end  of  fche  nail  using 
a  candle   f-lame ,   have  them' 
'writd  a  brief  description  of 
what  Vhey  did  in*  the  space 
provided  on  the  Worksheet.   .  * 

Discus^   the  results  of  t 
experiment : 


ERIC 


•  In  which   thermome ter'>di<i  the 
temperature  go  up  the  most? 

•  where  was   the  heat 

for  the  more   slowly  rising 
thermometers   coming  from? 


•  What  happened^  to  the  tem- 
perature of  the   four  ther- 
mometers  after  *the  heat 
source  Was  removed? 


What  temperature  did^the 
thermometers  show  after, 
say,   two  minutes? 

Give   each   child  a  pieceof 
graph  paper  and  a  red  crayon 
or  pencil   and  ask   them  to 
make   a  graph  representing  the 
temperatures  of  the  four  ther- 
mometers after  two  minutes. 
They   should  draw   in  the  best 
trend  line   they  can  and 
identify  the  curve  as  being 
.that  of  experiment  1* 
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ENTARY 


or  have   a  child  call  out  for^ 
all  the  groups  doing  the  expe:r- 
iment . 


The   children  -will  have  ob- 
served  that  the   tempera t^ure 
shoVn  by  the  th'efmpmet ers  went 
up  as  heat  en^ergy/waa  added   to  ^ 
the  nail. 


The  one  closest   to  the^  flame, 


If   it  should  happen  that  some  ^ 
children  do  not   think  the  heat 
'energy  goe^s   thxough  the  rxail, 
do  a  conti"ol  experiment  with-  *^ 
out  a  nail  . 

The   temperatures  evened  out 
^again.      If   left   long  enough/  i 
they  returned   to   the  equilib- 
rium condition  with  which  thfey 
started.* 

By   thfen  ,    a  pr'onounced  - 1  empe?a- 
ture  gradation  should  have 
been  obvious . 


TDepending  "^on  wh'ichXend  of  .the 
nail  they  place^d  in\  the ycandle 
flame,    the   childrenWiyi  hav-e 
a  set  of  four  dots  s  roping  ^ 
downward  to  the  right  or  to 
the  left.     This   is  fine. 
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MINISEQUENCE  IV/Activity  7 


TEACHINCJ  SEQUENCE 


Exhibit   a  graph   that   has  been 

made  by'^e  o£  the  children. 

Ask  the   class   to  Interpret 

the  marked  points   fo^r  you. 
•  / 

•  Which   thermometer  ifw^as!' 
nearest   the • end  •being 
heated?-  . 


.•  Which  way.  do  you 
energy  was  being 
along  the  nail? 


\ 

think  heat 
transferred 


.Select  a  set  of  data   for  dis- 
cussion which  show  a  tempera- 
ture above  43°C  'at'the  hot 
end.     Referring   to  their  ex-  " 
perience  with  salol   in  Activ- 
ity  2, ^ask  what   tftey  mighj:^ 
expe(^t  jto  happen  to  a  piece 
of   s-alol   if   it  were'  placed 
at    that   end' of  the  nail. 

Then  a-sk   if   t*hpy  would  expert 
it   to  melt   if  placed  at  the 
other  end  of   the  nail. 

•  Ho^  could  the  ^i^at   energy  do 
^  the  job  o£  malting  at*Qfi%' 
end  but  riot  at   the  other?' 


4.  --What  would  happen   if  one  . 
end  of  the  nail  (had  its  tem- 
perature  lowered?     The  second 
expjeriment  'the   children  might 
try   is   to  place  *a  piece  of  ice 
at  one   end  of   the  nail,  Dis- 
;^tribut^e  a  fresh  copy  of  Workr^ 
sheet  IV-5,    an  ice  cube,,  and 
paper  towels'  to  each  group. 


The  highest  point  on   the  graph' 
will  show   the  temperature  of 
the   thermometer   nearest  the 
end  being  he'Jted. 

H e I'p  the   children  to  realize 
that   the  heat  energy  was  being 
transferred  along  the  nail  from 
the  hotter  end  to  the  cooler 
end  and  ultimately  out  into  the 
still   cooler  air  of   the   room.  v 


It.  should  melt--its   bonds  would 
be  broken  by   the  heat  energy  ' 
transferred  to,  it. 


No,    the   temperature  is  too  low 


By   this  time   some  ch i Idr en  %ay 
recognized  that  the  heat  energy 
was   spreading   through  the  nail 
(just  as   It  spread  out  in  the  , 
combined'  water  sample  when  a 
mix  "was  made).     However,  here 
it   not  only  spread  out,  but 
went  off  contii;iuo.us  ly  into  the 
air.  ^  '     -  ^ 

Encourage ^ th^   children  to  pre- 
dict  the  pattern  of  tempera- 
tures  that  would  develop  if 
an   ice   cube  were  placed  at  one 
end  of   the   nail   rbr  a   few  min- 
\  utes   and  then   removed,   as  was 
done  v^ith   the  heat  -source. 
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MINISEQUENCE  IV/Activity  7 


TEACHING  SEQUENCE 


When  the  children  have  com- 
pleted this   second  experiment 
and  graphed  their  results', 
questions   such'  as   t-he*  follow- 
ing, can  be  used^to   direct  and 
focus   the  s.ubsequent  discus- 
sion. 


•  What  happened  to  the  ice 
when  the  end  of  the  nail 
was  placed^on  it? 

•  Where   did  the  heat  energy 
needed  for  melting  come 
from? 


•  Was  h^at  energy  transferr-ed 
toward  or  away  from  the  ite? 


Did  a   temperature  gra.dient 
form  in  this   case?     H6w  w^ 
it  differe^nt  'from'  the  one 
that  was   formed  during 
experiment  1? 


Did  the  temperature  readings 
on  the   thermometers  ever 
even  oufes* 


If  the   children  have   not  al- 
ready drawn  attention  to -the 
similarity  between   the  cblor 
concentration  gradient  ob- 
served in  the  previous  Activ- 
ity  and  the  temperature  gra- 
dients observed  here,  draw 
their  a tten tion  .  to^  it  with  a 
leading  question.     Then  ask: 


CjOMMENT^ARY 


The   graph   for  experiment   2  can 
be  placed  on  the   same  br  dif- 
'feren4^set  of  axes.      Sample  '  • 
results   for  experiments   1  and 
2,    in  which  the-  heat  source 
and  the^  ice   respectively  were 
placed ■ nearest  thermometer  D, 
are   shown 'on  page  326. 

The   ice  melted  where   the  nail 
touched  i t . 


It" came   from  the  nail,  which 
was  at  a  higher  temperature^ 
(room  tempera'ture)    than  the 
ice  . 


Heat  energy  was 
towafd   the  ice. 
energy  went  from  h/gher 
perature  to 


transferred 
Aga/in ,  yheat 
iigher  t^m- 
J.ower  temperature 


regions  . 


Yes- -but  it  slopes   in  the 
opposite  direction.      In  both 
experiments,   however,  heat 
energy  went   "down  the  gradi-^ 
6nt." 

Th^   temperature   readings  Would 
have  equalized  only  after  the 
^ice   cub-e  was  mel  ted ^  en ti rely 
or  after  it  was   removed  from 
the   nail.     Gradually  the  gra- 
dient would   reduce  and  the  ' 
naril  would   return  to  room 
tempera ture-- jus  t  as  when  the 
^source  of  heat  energy  was  res- 
moved: 
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MINIsisQUENCE  IV/Activity  7 


TEACHING  SEQUENCE 

•  At  what  point   did  the  colors 
in  the  set  of   5  cups  appear 
similar  to  the  temperature 
readings   of  the  heated  or 
cooled  nail? 


•  In  Lhat  way  did  their  five- 
Cup  system  differ  from  the 
nail? 


5.     Besides   the  experiments 
described  above,    the  children 
•may  ^wish  to   try   various  other 
combinations   of  heating  and/or 
cooling  one   or  both  ends  of 
the   nail.     Supply  the  c,hildren 
with  -additional   candles   or  ice 
cubes  as  needed^^gyou  should 
also  supply  a.dditional  copies 
of  the  Worksheet   for  each  e.x- 
•periment  they  try. 


Again,    choose  sample  graphs 
and^ask   the   class^  to  intejrpret 
them. 


Such  experiments    should  re- 
inforce- their  understanding 
.tjaat  as   long  as   one  end  of  bhe 
m.edium   "(the  nail)  'is  at   a  dif- 
ferent temperatnr'e   than  the 
other,    and  is  maintained  at 
that  tempef-a tur'e  ,    there  will 
be  a  temperature   gradient  ^ 
alpng  the^naii;*  All  parts  of 
the  nail  will   come   to  the  same 
tempe rapture  when  heat  energy 
is  not  being  Ridded,    when'  there 
is  no  cooler*  region  to  which 

32  8 


.    ^  tOMMENT^Ry 

^  >       .  . 

After  about  20  series  of  ex- 
changes,   the  children  observed 
a   gradation  in  color  similar  to 
the  one  'th^at  ^developed  as  heat 
energy  was   transferred  along 
the  nail. 

T^he  nail  was   a   con^inuoOUs  open 
system.     Heat   energy  was  given 
off  to   the   room  or  absorbed 
from  it*^at  one  end. 


If   two  candle  .flames  are  ap- 
plied to   the^'/iail- 7one  on  ^ach 
end-- the   temperatures  will 
eventually  equalize   through-  • 
it;    the  same  thin 


will  hap- 
s  al^e  ap- 
the 


oui 

pen   if  two<  ice  cub< 
plied  to  ei'ther  end 
nail.      In   the   la  tt       cas  e  , 
however,    the  temj/eratkirfes 
would  equalize   at  a  l\wer 
level.     Putting  a   qandle  flame 
at  one   end  and  an   ice  cwbe  at 
the  oth6r  will   result  in  a 
very  steep   temperature  gradi- 
ent'^that  will   be  maintained  as 
long^  as   the   flame  and  irCe  "are 
present. 

With  any^  part icular  set  of. 
poihtS;    they  siiould  be  able  to 
•read   the   temperatures  and  tell 
which  way  th§  .heat  was  flowing 
(always   from  high  temperature 
to* lower  ^temperature) .  Per- 
haps  they  will   also  be  able^to 
make  a  reas1)nable   guess   for  a 
procedure   that   could  have  been 
used  to  produce^  §uch\a  set  of 
points.   ''For  example ,  suppose 
the   four   temperatures  were 
45^C,    34^C,    30^C  and   42^C  ' 
'r'fespectiv^ ly   for   the  four 
thergjomete  rs  •      Then   the  heat' 
transfer  would  have  been  from 
both  ^nds   to  the  middle. 
could'  be  predicted   that  a 
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MINISEQUENCE  iV/Activity  7 


TEACHING  SEQUENCE 


heat  , energy   is  being  given  up\ 
or  when  b^oth   ends   are  being 
maintained  at   the   sante  tem- 
perature . 


Conclude    the  Activity  ask- 
ing the   children   to  desdvfibe 
the  similarity  b^etween  t^i^e 
behavior  of  the  blue  coloring 
and  the  behavior- of  heat 
energy.. 


(Commentary 


reading  made  a  short,  time  latelr 
would,  show  higher  temperatures 
on  thermometers  B  and  C. >  One 
way^^jJJiii^  might  have  "been  used 
to  achieve  ^uch  a  distribution 
of  temperatures  wpuld  be   to  add 
heat   energy    (ygf'.  g .  ,   a   flame)  to 
both  ends  of  the   nail   si.mul-  . 
taneou's  ly ,  •  ' 


There,    the   concent;:ation  of  J 
coloring  was   related,  ^to  the 
direction-of  the   transfer  of 
material;   h^re,    the  concentra^ 
'tion  of  hg^at  -energy    (the  tem-' 
perature) ,   was   related  to  the! 
direction' of ''he  at  ene'rgy  trans- 
fer.     In  both  cases,  'changes  — 
in  thl   s'ystem  depend  upon 
tejnperature   or  concentr^tio.n 
,diff  erenc^s  ,    and   the  direction 
^f '  flow  (is   from  higher  to  lowe'Y 
t emperat ilpre s  or  concentrations. 
Th;is  '  natural  tendency  to  spread* 
ou±,i,s  a:p^arently  governed  by  ' 
a  fandojn  ^oces^3  »  of   exchanges  , 
the  na.tute  of^which  will  be 
m6r.e^ful-ly  ^ft5ftj)lored   in  the* 
next  Mgin  isequ^n-ce 


ETXTENPED^EXPERIENCE  : 


glass 
place 
whe  ther 
iron  in 


aluminum 
of  the   iron '/nails   ij^  their 
ma"-  —  - 


rods  or 


1^  r  ge 


or  not  the^se 
experiment 


nad Is/  (at 
Setups . 
beii^v^  any 
those  in 


Let   the  children  use 
y least  4   in.    long)  in 
'They   can  investigate 
differently   than  the 
tha  preceding   Sections. , 

With   the   glass  *rod^    the   children  wi\l   observe'  that  the  transfer 
of  heat   energy  occurs  much^  mor^*  slowly.     Afso,    they^should^  • 
r)otice   that'  the   temperature   differences   rema^^n  *large   e ven  after' 
'the   ^nd  of  ^the   rod  has  been  heated   for   a   long   tiifie.     Tjie  slow  - 
traasfer  of  heat   energy   is   not  able   to  keep  th^.  far  end  of  the 
rod  very  much  above   the   t  empe  ra  t  ur  e.,  o  f  the  surroundings. 


with  the  aluminum  najil,  the  childreri  will  ob 
.energy  is   transferred  more*  gifickly  than  it 
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ve  that  the  hfeat 
with  iron.. 
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MINISEQUENCE  JV/Activity-  7 


Equilibrium  wdll  aflso  be  .achieved  more  quickly  and'  fewer  dif- 
ferences  in  temperature  will  be   registered  by  the  thermometers 
because   the, heat  energy  can  be  transferred  so  much  more  easily* 


/ 


9      '  . 

•  ♦  *  » 


lyiinisequence  V  _ 
Random  Events:  Order  Out  of  Disorder 


Startingrin. Grade   1  of  COPES  the  children  we^e   introduced  to 
the   concept  that  ,aoS  one  makes  measurements  on  a  pppulation  of 
related  objects  or   events,    differences  are  observed^    Such'  dif- 
ferences are   to  be  expected  of   any.  population,   particularly  one 
found,  in  nature.      This   concept  was   further  pursued  in  Grade  3, 
Minisequence   III,   where"  concepts  of  a  range   in  values  and  aver- 
aging were,  in-troduced,   and  again  in  Grade   h ,   Minisequence  VI, 
where  the   histograiS  Iform  of  frequency  distribution  was  intro- 
duced as  a^way  of   describing  variability.      Finally,   in  Grade  5, 
Minisequence  V,   the  children  were  introduced   to   spme  eleiftentary 
statistical  methods   for  inferring^  results  by   sampling  popula- 
t  io^n  s .  ^  '    *^  > 

All   of   these  Activities  had. as   their  primary  objective  convinc- 
ing  the   children   th^t  variability  is   tp  -be   expected  in  rr^ure , 
leading   to  the  overall   cohceptual   scheme.   The   Statistical  View 
of  Nature.     while   it  is   easy  to  observe  variability  in^atUre, 
it  is  not  so-easy   to  demonstrate  ^that  it   is   feha^^result  of  rarf- 
domneips.     T+^at  is,   given  two  leaves   from  the   same   ^ree)    or  two 
._QX.^sPj:ing  frpm_the  same  parents    (even   "  id^nt  i  r   1    ..  twin  s  )  ,  is 
easy   to   find  differences  'between  them.     How  canine  account  for 
these  differences?     The  modern  View  is  that^all  of  nature  is 
basically  random,^  in  the   sarfte   sense  as  a  game*  of  chance,  and 
that   the  overall   orderly  appearance  of  natural  phenomena  is 
the   statistical  result  of  numerous   random,  even ts .      What  this 
means   i^   that  while  'sub-microscopic  phenomena  are   random  (e.g., 
the   behavior  of  individual   atom's  or  molecules,    the  beft^vior  of 
large  numbers   of   such   random  ^vents^is-  predictable   and^--e<derly , 
on  the  average.  ♦  >^ 

A  fftfod  example  is   the. behavior  of  a  gas   in  a'cantainer.  While 
it  is  impossible   to  say  anything  ^bout  the  behavU.or  of  a^n 
individual   structural  unit  .(molecule )    since   the  molecule's  rhove 
about  in  random  fashion,   one  can,   by  applying   statistical  meth- 
ods  to  this   rando'm  motion,   account  for  the  overall  properties 
of  the   gas,    such   as-  its  pressure  as   related  to   its  temperature 
and  volume.     For  'example,   oVre''  can  account   for   the   fact  that  the 
.volume  of  a  gas  will  decrease  proportionally,  as   its  pressu^ 
ancre^ses.     We  know  .fhat  t^e  same  applies   in  games  o^f  chance. 
While  we  cannot  predict  witji  certainty  the  outcome  of  a  single 
toss  *of  a  coiri,   or  of  sQie,   we  can  predict   the  ^ave.rage  putcome 
of  a   number  of  tosses.     Moreover,    the  greater   the  number '^o{ 
ever\ts    (tosses),    the  more  accurate   is  our  prediction.'    Thus,^  ^ 
we  must   look  upon  the  natural-  phenomena  that  one'  normally  com^s 
into   contact  with    (large  scale  phenomena)    as   really  exhibiting 
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the  average  behavior  of  large  numbers  ^f  .  individual  eventS"-"-so 
large,  in  fact,  that  predictability  becomes  routine  and  nature 
.appear^  orderly.  Because  most  things  we  observe  in,  nature  fit 
this  category,  one  rarely  observes  the  randomness  associated 
with  individual  events.  There* are  some  phenomena  that  can  be 
observed,  however,  that  involve  so'  fe'w  individual  events  as  .to 
exhibit  ^thia  random  behavior. 

The  present  Minisequence   extends    the   childi^n's   earlier  experi- 
ences  in  this   area   to  several   new  Activities   designed   to  sKow 
'how  one   derives  -"order   out  , of   disorder."      The   first  Activity 
deals  with  a  well-known  phenomenon   that   is  a  classic  example 
of   the  order  derived  from  large Nnumbers--the  diffusion  of  molc- 
,cules   in  liquids.      Only   the  net   result  of   the  motion  of  large 
oumbers  of  molecules  is   observed  by   the   children  ^s   they  watch 
food  color   spread  through  water  and  gelatin,   but  they  are  led 
ttO   conclude   that  a   reasonable  way   to  account  for   the  observed"" 
^diffusion  phenomena   is   to   assume  completely  r*andom  motion  of  th 
^i/ndividual  molecules.      The   next  Activity   strengthens   this  hy- 
pothesis by  having   the  -children   themselves   simulate   this  tty 
n\pving  about   the  room    ( 1  ike^jje-lecules )  ,    their  motion  being 
governed  by   the  outcome  of  a  *  game  of  chance.     Thus-tfre  children 
take  a   "random  walk"  and   find   that  .the  net  effect  of  their 
overall  motion  resembles,  that  of  a  drop  of   food  coloring  dif- 
fusing  through  gelatin. 

Further  re  inf  orcemen't  of   this   concept   is   provided  in^  the  third 
Activity,    where   the  .children   take   a   "trip  b^  chance . "  Here 
agai*h,    they   find  that  the  outcome  of  a  large  number  of  random 
events   is   orderly  and  ^pre  die  table ,  -whereas   the   resuTt  of  indi- 
vidual  even;fers*,    or  of  small   numbers  of  events,    is   imp^edictable . 
They   find   that  by  combining   their   individual  da ta^th^Yvge t  the 
equivalent  of  large  "numbers   of  events,   namely,   greater  predict- 
ability .'  ,         '  '  0  , 

The   last  two   Activities   deal   directly  with   random  phenomena  ^in 
nature.     Activity  4  offers  perhaps   the  best  example  of  the  ran- 

^domness   of   individual  events    in  ^nature.      The   decay  of  weakly 
radioactive   substances   occurs  so   infrequently  ag   to  make   it  ^ 
possible   to  observe   the-  individual   events.      Using ^a  Geiger 
counter  apparatus   that  produces   audible   "ci^ks"    (or  a  tape 
recording   from  such   an   apparatus)  ,  ^the   children  actuarlly  count 
the   number  of  decays   that  occur   in  a  given   time   interval.  They 
find   that   the   clicks  occur  at   random,    and   that  the  anly  way 
they' can  predict  the  average   rate  'of  occurre^nce   is   t)j  count 
over  a   long  period  of  time---that  is>   obtain  a  larger/ sample 

"oTF  c"licks  .  .  {  , 

The   last  Activity  does   not  demonstrate   randomness   in/  the  same 
basic   sense  as   the  p*reviou;s  one,   but   raiiher  the  result  of*  ran- 
domness  in  a-biological    ssitiiation.      Here*,    t%e   children  are'  in- 
troduced to   the   idea  o f  i>r a^^dom"  se  1  ec t ion  as'  applied  *to   the  in- 
heritance' of  eye  'color.     Working  with  dat^  on  th^  eye  color  of 
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house  flies  over  several  'geAerations ,   the  children  discover  that 
in  addition  to  a  random  process,   a  factor  known  as  dominance 
.also  must  be  considered   in  ordet  to  predict  the  outcome  o.f  a 
la.rge  number  of  such  even ts--i  .  e  .  ,   predict  the  eye   color  6f 
second  and  thijfd  generation  offspring.  ,  . 

The  'concepts  developed  in  this   sequence  are  as  follows: 

1.  The  outcome  of  a  random  event   cannot  be'predicted  with 
certainty.     Examples  of  random  even^ts   include  ,movements 
of  individual  molecules^    radioactive -dis integration s> 
camphor   "walk"   on  water,'  tosses  of-a  coin/  etc." 

2.  The   outcome  of  a   random  event   is   completely  fndependent 
of  any  prior  h'istory.  *^  '         ^    *  . 

3.  The   outcome  of  a  series  of   random  events* may  exhibit  a 
sense  of  order  and  predictability.      The   larger   the  num- 
her   of   random  events   in  the  collection,   the  higher  the 
degree  of  order  and  predictability. 

4.  Games  of  chance  which  are  based  on  random  .events   can  be 
used  to   simulate   the   orderliness  of  collections  of  random  ' 
events.  '  '^t^'^*^ 

5.  A  §malX   sample  of  rari*dom  events  wiii   exhibit   great  vari- 
ability as   compared  with  a   largeJ-  sized  sample^r  qrder  will 
emerge  as  the  sample   size  increases. 

6.  The   m^oyement  of   i  ndi  vi  dua  1  mo  lecu  le  s  within  a   1  i  q  ujL^^''7o  r 
gas)    is   viewed  as  ;random.     The  orderliness  of  a/diffusing 
column  can  be  thought  of  as   the  net   resxilj:  of  J^he  random* 
motion  of  an  extremely  large  number  of   indivy^ual  mple- 
cul e  s . 


The   transmission  of  genetic   characteristics   can  also  be 
viewedas  a   result  of   random  or   chance  events. 

As   in  all'  series  of"  random  events,    the   inherited  charac- 
teristics .o.f  one   individual  cannot^  Be  predicted  with  an*y 
certainty;   however,    the 'distribution  of  such  characteristics' 
in 
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MINISEQUENCE  vActivity  l' 


Activity  1      Diffusion  Along  a  Tube 


Molecules   tend   to  diffuse   into  regions   available   to  them,  depend- 
ing upon  their   ability  to  move.     They  mix -with  molecules   in  the 
air,   with  'molecules  of  water,   etc.     When  drops  of   a  colored 
r  solution  are   added   to  water,    there  is   a   fairly  rapi'd  spread 
of  color,   aided  by  convection  cuxrents'in   the   liquid.*  When  the 
colored  molecules   are   impeded  by   the   walls  of  a  cellophane  bag, 
as   in   the  previous   Minisequence ,    the   mixirig  is  much  slower. 
This   movement   of  ^nolecules,   which  is   called  diffusion  ,    earn  be 
better^  observed  by  eliminating  convection   currents   and  slowing 
the  process  down  still   further;    for  instance,   by   allowing  the 
molecules   to  move   through   a  highly  ^scous  medium  such  as-^ela- 
tine.     The  gelatine   is   made  with  a  water  base--thus,"  water^ 
soluble  molecules   can  move   through  it. 

A  drop  o^f   a  concexLt rated   solution  of    food   color,    initially  * 
sitting  on,  top  of   a   clear  gel   in^  a  tedt  tube,   will  be  observed' 
after  several   hours^  to  penetrate   it.      After  a  day  or  two,  a 
band  of  color   i-s  observed.     Furthermore,   within  the  band  a 
gradation  of  color  can  be  observed^    ^Thus,   a^gradient   in  color 
forms  in   the   gel  similar  to   the   gradient   in  ,  t empe r at ur e  along 
a  nail.     Over   time   this  -gradient   extends   down  the   tube.  Ques- 
tions  are   raised  about   thi^s   movement   of  molecules:     Do  they 
always  go  downward?     If   food  color  were  placed?  on   the  bottoOn 
of  the, tube,  would   it  stay  there?     ThQ   children  find  that 
molecules   move   from  areas  of  higher  conce n t r a t ipn   to  slower, 
.as  expe>3^d,   and  that   this  movemefX^t   is   not   af  fected- 4Dy  g;ravi- 
tational   attraction--if   they  are  p^laced  on   the   bottom  of  a 
tube,    they^will  eventually  diffuse  ;up   to   the   top;    if*  placed" 
on  the   top  they  will   diffuse   down.     T>e  same   is   true   if  food 
color  is  placed   in  water.     These   molecular  movements   can  be 
followed  because  of   the   distinct   color  of   the  mol'ecules--but 
the  conclusions  can  be   related  to   the   movement  of   any  mole- 
cules*. » 


MATERIALS   AND  EQUIPMENT'-: 

1     bottle   of  blue,  food,  colojf^-ng,  1-oz 

2-3     .packets    (7   g  each)   of  un f  1  avo^eji'  gelatine 

1  measuringcup,8-oz 

4-5     cups,    1-oz,  (approximately   SO-rml),   waxed  paper  or 
'.plastic 
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4     t^st  tubes,    about  18  mm  by   150  mm,   plus   corks   to  fit^ 

*      1     tall  glass   or  plastic  tumbler,   to  serve  as^a  rack  for 
*  the  above  test  tubes  ^  *        .  , 

green  food  coloring  (optional) 

yellow  food   coloring    (optional)  ' 

For  each  team  of  two  children:  '  ^      .  ^ 

i 

4     test  tubes,    13  mm  by  100  mm*.  -      ,  .'^   .  * 

4     corks   for  the  test  tubes 

1-2     jars   to  se;-ve  as   test  tube  racks 

  ^ 

1     medicine  dropper  ^ 

■PRE  PARATlkjJ^  FC5r-  TEACHING:.' 

At  least  a   few  hours  Before   you  wi^l  be   conducting   th*is  lesson, 
dissolve  one   envelope  of   unf  lavored.  gelaJtine   in  abAt   100  ml 
(3  o^2+)    of  hot-  watw .     Hifot  tap  water    (about   50*^0^    is  satis- 
factory.     Stir  until'^e   gelatine  ^is   completel^y  dissolved. 
Pou;r  this   liquid  into  tw^o  large   test  tubes,    filling  each 
about  2/3   full.     aIiow  the  gelatine  to  solidify   for  a  few 
hours  before  beginning  this , Activity ,      Also,    fill   two  similar 
test  tubes   to  the  same  level  with  plain  water. ^     They  should  ^ 
be   cocked  to  prevent  dry ing  until   just  before  they  are  use.d. 
Place  all  the   tubes   in  a   tall  drinking  ^las.s  or  plastic  * 
tural^ler.  '  ^  * 

Just  be^fore  you  begin,   set  out  the  suf>plies   tl\e   teams  will 
^eed:      the   small   test  tubes,    corks,   medic:vJ^e   dr€)ppe  r  s  ,  .  and  ^ 

rs-to  serve   as   test  tube  racks . ^    If  the  children  are  ^tO"        *  ^ 
make  thei^  own  gelatine,    they  will  need  a  source  ,pt  hot 
water.     YOU  may  wish  to  make   the  gela^tine  and  fill,  all  the  . 
tubes  which  the  class  will  need  ahekd  of  time,   so   that  th^ 
gelatine  will  be   set  by  the   time   the  children  are   ready  to 
work  with  it    (see  the  di*rections  ,on  page   337  )  .     When  .the 
teams  are   ready  to   take   their   food  color,   put  out.  a  small 
supply   in  the  1-oz  cups   at  convenient  stations  throughout  « 
the  .room.  ^   .  -  - 


ALLOCATION   OF  TIME: 

The   children  will  need  only  aboat  1-1/2   hours  to  complete  ^  ♦ 
this  Activity^    However,    the   observations  are  spread  o-ver 
several  days ♦  .  S 
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If* 


TEACHING  SEQUENCE 


1,  Put  out  the  four  large^ 
test  tubes  (2  with  water,  2 
with  gelatine)  for  the  chil- 
dren to  see.  Show  them  the 
bottle  o'r  container  of  blue 
food   coloring   and  ask: 

•  What   do   you  predict  will 
happen   if   I   add  a  drop  or 
two  o'f   the  blue   food  color 

*  to   the   liquid   in   the  tegt 
tubes? 


Without  Igtting   on    that  some 
of   the   test   tubes  contain 
gelatine,    take   some   blue  food 
coloring   in  an   eye  dropper, 
pick  up  one  of   the   test  tube's 
of  water   and,    while   the  -chil- 
*dren  watch,'  add  one  drop*of 
>blue   food   coloring   to   it.  Let 
them  observe.and  describe  what 
happens.      Repeat  with  the 
other   tube   of  water   a.nd  let 
the   children  pass   the  tubes 
around,    examine   an^  discuss 
them.  ♦  ..^ 

Ask   the   cjhildren   to   watch  as 
[yon  try  it.  one  more  time,. 
?his   time   qhoose  -'one  pf  the' 
tubes  ->of  gelatii\e. 


Wheji^  the   children  ask,  you 
sjiould  adp^t   that  the  tube 
does   not'hold  plain  water. 
Rather,    it/  contains  gelatin^ 
and  water.      Pass    th^   two  gela- 
tin^ tubes'  around  for  the 
children   to   examine  more 
closely. 


COMMENTARY 


After   their  experiences  in 
Mini  sequence   IV ,   'they  should 
readily  predict   that   the  blue, 
color  will   spread   out   ijn  the  i 
liquid. 


Note  'that   in   this  Activity  the 
food   color   is  used   in  its  con- 
centrated  form  as  it^come^ 
^firom  the  bottle.      It   is  not 
di^jated  with   additional  water. 


.Try  not   to   jiggle   the   test  ^ 
tubes.      li  you  do,    the  chil- 
dren might  notice  the^  differ- 
ence between   the   ones  wi-th 
water   and   the  ones  with  gela- 
tine.     You  may  want  toehold 
t)^  tubes   so   that   the  surface 
of   the  water  or  gelatine  is 
hidden  with   your  fingers. 


When  yoQ  put   the   drop  of  food 
coloring-  in^his   tube,    it  will 
remain,  on  the   surface  of  the 
gelatine.      This  should/elicit 
exclamations   of  su2;prise. 


/ 
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TEACHING  SEQUENCE 


•What  do   you  think  might 
happen  to   this   drop  of 
blue   foQd  color  over  time? 


Working   in   teams   of   two,  the 
children  can  now   set   \Jp  their 
own    food  color   and  gelatine 
systems   so   they   can  observe 
'the   properties  over  a  period 
.of  t  ime  . 

With  the  help  of  a  few  of  the 
children,   make-up  the  gelatine 
solution    (if  you   have 'not  al- 
ready done   so) . 


ERLC 


Each  team  should  obtain  four 
"  test   tubes/    four   corks,  a 

medicine  dropper  and  a  jar; 

or  twa  to  serve   as^^'  €est' 

tube  rack.  They  should  then 
,  ^ill   two  of  the   test  tubes 

about  2/3  full  wit/h  the  warm 
^gelatine   solution  and  pu|; ; 

them  aside   to  set  after  they 

have   identified  the   two  J^ubes 

as  belonging  to  them. 

2.     Once   the  gelatine'  is  set, 
they*  can  prepare   the  system 
for  observations: 

Each   team  should  place  *oae* 


COMMENTARY 


Th^y  have  not  inves-t i gat ed  this, 
system  before  but  their  'previous 
experience  with   food  coloring 
might  le'ad  some  to  expect  it  . 
to   permeate   the  gelatine. 


n 


Each  team  will  need  'about^  1-d  ml 
of   gelatine,    5  ml   for  eac'fi^test 

*tube.      The  gelatine  domes  in 
7-g  packages,   each  of  which  is 
to  be  dissolved  in  100  ml 
(slightly  more   than  3  oz)  *of 
hot    (50^0    water,    as  described 
in   the   Preparation  Sor  Teach- 
ing.    Thus,    10  teams   can  be 
accommodated  by  one  packacje. 
It  would  be  best-  tO' make  up 
the   solution   in^  a  measuring 
cup  with  a  pouring  spout  so 
that  the   children  can  .fill 

, their  test  t\ib'es   easily.     After  • 
all   the   test^^tubes  ar.e  fi'lled 

'with  gelatine,   put  the  remainder 
in   some   extra  tubes  which  can 
be   used   later   for  any  Exte^^nded 
Experiences . 


246 


If   the   tubes   have  been  pre-  . 
pared  with  gelatine  ahead  of- 
*time,    the   children  will  not, 
have   to  wait  the  few  hours 
(or   until^  the  next  day)  for 
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^IINISEQUENCE  V/Activity  1 


TEACHING  SEQUENCE 


drop  of  the  blue\food  color  on 
top  of  the  gelatine  in  each  of 
the  two  tubes. 


The  third'  and   fourth  tubes 
should  first  be   filled  to  - 
.about   the^  same  defl^th-  with  ^ 
water^     They   can  use  one  of 
them  to  reconfirm  how  the 
co3,or  '  behaves   in  water*  Have 
them  add  one  drop   to  one  of 
the   tubes   and  describe  what 
happens. 


•  Will   the   color  always  go  to 
the   bottom?     What  would  hap- 
pen  if  it  were  put  ast  the 
bottom  to  begin  with? 


C0MME4JTARY 


the  gelatine  to  eet  before 
proceeding . 

Again,  the  drop  will  remain  on 
the  surface. 


In  most    instances   the  color 
will   tend  ^to   swirl  down  towards 
the  bottom  of   the'tube.  ^They 
should^  try   not   to   agitate  the 
content  s .  *  ' 


Have' them  tilt   the  second 
tube  of  water  a  bit"**,  then-- 
without   squeezing   the  bulb- 
in  s  el- 1   the   dropper  which 
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MINISEQUENCE  V/Activity  ,1 


TEACHING  SEQUENCE 


contains  spme  of  the  concen- 
trated blue  coloring   into  the 
water  as   far  as    it  can  go. 
Then  release  one  drop  of  the 
color   so   it'^icuns   down   to  tH^ 
bottom  of  the  tube. 


Set  the  tube  upr  ight  artd  ob- 
serve  t'Jie  drop..' 


The   children   should^now  have 
two  tubes  with  gelatine,  both 
with  a   drop  of  blue    food  col- 
oring on   top,  .plus,  two  tubes 
of  water,   one  with'most-of 
the  blue  coloring  at  the;^t9p 
'(test   tube   3)    and  the  other 
with  most  at   t}ie  bot-fe*m    (test  • 
tub^  4) . 

•  What   do  you  predict -will- 

•  happen  to   the^  four  system^ 

^  over   a  period   of  a   few  days? 

■  ' ..    '  *■•  ■ .  r' 


tubes  and 
they  will 
where 


They  should  cork  the 
set   them  aside  where 
not   be   distur^d  but 
they  can  observe-  them  occa- 
sionally  to   check  their  pre- 
dictions*.       *  ^  ^ 

3.      Over, a  period  of  days  the 
teams   should  make    (and  r^^ord) 
their  observations  of  the  test 
itubes.  ^ 


COMMEI^TARY 


You  might  wish  to  demonstrate 
the-  technique  to  them.  • 


There  will   be  some  residual 
blue   colqtation   in   the  upper 
part  of   the*  test   tube  but  m.ost 
will  be   settled  on   the  bottom. 
Again,    they. should'  try  not  to 
agitate   the  contents. 


Some   children,    seeing,  the  blue 
color   s-ettling-  to  the  bottom, 
may  predict   that  all  the.  color 
will   eventually  .go'  to   the  bot- 
tom.    Others  may  predict  that 
the  blue  colored  molecules 
will  'become   ev^enly  mixed  with 
'  the  '-wa ter  . 

If  mold  growth   should  appear 
in   a  gelatine   tube   at  any' 
time,    remove  it   and  wash  the 
tube  with  hot  water.  '  , 


It   will^lje   apparent  Within  a 
few  days'  that  the  blue   color  i 
not   going   to   settle   to   the  botr 
tom  of   test   tube  3 .     By  the 
next  ^tay,    the  blue  wilT  appear 
to  be  compl e tely  mixed  with  th€ 
water.     By  then,    the  children 
should   also   notice  aiji.  interest- 
ing phenomenon  in  the  geTatine 
tubes:      The^  blue  coloring  will 
be  oSeen   to  be  gradually  movfng 


3^8 


3^9 


MINISEQUENCE  V/Activity  1« 


TEACHING  SEQOENCE 


Ask  the^  children 
th-e  phe.nomena  in 
tubes . 


to  describe 
the  gelaVin*e 


•  In  which  direction'  are  the 
blue/molecules  moving?  Why? 


When  the   suggestion  is  made 
that  weigh^,   or   the  attraction 
of ^gravity,    accounts   fo\  the 
movement  of  the  blue  moUe- 
cule?,    some  children   (or  you, 
if  necessary)   may .  qu.e s t ion 
it.     Then  have  each  team  take 
one  of   the   tubes ^containing 
gelatine  and  the  drop  of  blue 
food  color,   b^   sure   the  cork 
is   tight,    and  turn  it  upside 
dow|.     Set   the   tube  alongside 
the  upright^  one  and  continue 
ob'seir va t ioWs*.  , 

•  Will   the  blue  molecules  move 
u£  in  the   tube  and  continue 
to  spread  into  the  gelatine 
or  will  they  sink  back  down 
towards   the  cork? 

4.^    After   a.nother   five  days, 
have^  the.  teams  obse'rve  and 
.r  epor  t  *  theif   findings.  Refer, 
•to   the  phenomena  they  observe 
as   the  di  f fusion  of  the  blue  - 
molecules   in^o  the  gelatine 
and  wa  ter 


•  Does   the   diffusion  of  .color 
se6m  to  be  affected  by 
gravity? 

Everfiually^  somfe  children 
should  sugges-t  that   this  pro- 
cess is  s'imilar  to  that 
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into  'the  gelatine.     There  will 
appear  to  be  a  gradient  of  col- 
or concentration  from  dark  blue 
to   light  blue   in  a  section  at- 
the   top  of  the   tub^ . 


^Down  the   tube.     Some  children 
4  may  suggest  that  gravitational 

attraction  is  pulling   th^  blue 

molecules  downward . 


Some  team*s  might  try  laying 
the  test   tube  on  its  side. 


Observation  of   the   two  tiJb^s 
with  the   gelatine  will   show  a*' 
steady  spreading  of  the  blue 
molecules   into  the  gelatine 
whether   from  above         from       .  . 
below.     They  will   also  hav^'" 
observed  that   in  the  tubes 
with  water,   all   the  blue  color^ 
appears  entirely  distributed  I  i 
even  from  the  pool  t>#low'.  In^^ 
other  words,  gravitational 
attraction  does  not  seem  to     \  i 
affect  v'^^  movement .  f] 

With  tim'ev   there  will  be  an 
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'  r 

Reaching  sequence 


>observed  in*  activities   in  the 
previous  sequence.     A's  b^efore, 
the  movement   is   from  regions 
of  higher  concentration  to 
regions   of  lower  concentra- 
tion.     The   color   tends  to 
spread  out. 


MINISEQUENCE  V/Activlty.  1 


it 


5  § 


•  Hov  dohs   this  Compare  with 
the   temper a ture s ' you  mea- 
sured along   the   n^il  while 


COMMENTARY 


ev^n  broader  color  gradient  as 
^the  blue  molecules   continue  to 
diffuse   into   the  gelatine.  The 
illustration  below  shows  the 
gradient  after  a   fAw  weeTcs  .  ^ 
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5ome  children  may   suggest  that 
mixing  of  blue  particles  and 
w-a'ter  particles   i^   going  on 
within   the  gelatirt^e  and  that, 
as   before,    this   leads   to  a.  net 
transfer  of  molecules  down   the  ' 
concent  ration  gradients  Even- 
tually ,  of  course  i   there  should 
X>e   complete,    even  mixing  of  the 
color  within   the   gelatine  but 
this  may  take  many  weeks* 

Again  there  was   a  gradient  in 
tempera tures ♦     From  the  tem- 
^rati^res  measured  it  could  be 
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TEACHING  SEQUENCE 


heat  energy 
to  one  end? 


was 


b  e 'i 


added 


Why  do  you  thinX  /there  was 
sucH^  a  difference   in  how 
fast  the  blue  molecules 
could  diffuse   through  water 
as   compared  with  gelatine? 


ehW^i 


Do  you  think   fh^tTsuch  an 
orderly  color  gradient  could 
be-  formed  as   a  result  ^of 
chance  movements   of  mole- 
cules? 


EXTEND]|D  EXPERIENCES: 


Mol^ecules  of 


' COMMENTARY 

> 

inferred  that  heat. energy  was 
being  g^radually  transferred 
along  the  nail«  ^ 

Open   this   up   for   their  dis- 
cussion,.     Some   children  m^y 
compare   this  with  the  differ- 
ence no tec}*^' when  a  glass-  rod  'was 
Substituted   for  ^ the   nail •  Heat 
energy'could  not  ^he  ^transferred 
as   readily.      Some  may  recognize 
the   difference   as   duetto  the 
higher  vis  cos  1 ty    (jes i s  tanc  e  to 
flow*)  ,    "thickness  ,  "  or  "solid- 
like" nature  of 'the  gelatine. 


Encourage 
lat ions . 
call  the 
aay  that 


the   children's  specu- 
Some   of  them  may  re- 
cups   but   they  may 
f oiyned  there  was 


wh  at 


the  result  of  exchanges  wh>ch 
were  ;|ot   "blind"   as   in  tliV^ case 
of  t^^  bean  model.      In  ^the  next 
Actifpty  ,  •  the   chi  Idr en  '  wi  11  be^- 
gin         consider  how  cha.^ce,  or' 
rand^l.,   molecular  movements 
coul^^roduce   the  phenoijtena 
asso<&4ted  with  diffusion. 


yellow   food  coloring  Move  much  n^ore  rapidly 
through  gelatine   than  blue.     Green  foo^  coloring  contains  Iboth' 
the  blue  and  '  the .  ye  How ,     Thus,    it  is    interesting  'to  mix  o.ne 
drop  of  yellow  coloring  with  one  drop  of  blue/  place   this  mix- 
ture on  some   set  gelatine   in  a   tube,    and   then  compare  whatlhap- 
pens   there  with  wh^t-'-happen^^^  green   food  col6r  is 

placed  on  a   s.^-cond   tube  of  gelatine,  •  As   th^moiecule^di  f  4us  e 
into  the  ge,latipe,    the  yello^  will   appear   first—ev^n  the  if%llow 
component   from-  the  bottle  of  green  food  co^loring.     '  i 


Then^  t^ey 
the  si&lf 


can 
ace . 
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2,      I^  the  children  appear/f asciaated  with, these  ob^ e r va t i Qns», 
thqy  rrfight  prepare   some   gelatfine   i,n  a   tjtansparent  dish   to   S;et,  . 

pil^ce   small   drops  of  different   food  colorings^  on 
Observing   it   from  above  wi 11   show  rings   of  lighter 
color  around   the'^drops   as   the  molecules  diffuse   away   from  tihe 
center  of   the   draps   and   into  the   clear  gelatine.     Where   twd  dif- 
ferent! colored  molecules  meet,    the  mixture  will   appear  as  tihe 
Lbiaation  of  the   two  colors.".    For  instance,   as   the  molecjdles 
a;  drop  of  yellow  and  of  blue   reach  the  same   r^ipn,    tl^e  ' 
colof  will  appear  green.  ? 
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l^IN^ISEQUENCE*  V/Activity  2a 


V 


Activity  2      Random  Walks 


V 

Series  of  events  have  som^  character i sti cs  whi ch  are  orderly 
U        '  and  predictable  and  some  Vhicfh  are  not.     Those  characteristics 
dealing  with  patterns   of  results  are  predictable;   the  specific 
outcomSs  of  a  single  event  or  series  of  events   is,    in  general, 
not   so.     Far  i.nstanc,e,   when  tiny  specks  of  camphor,   about  , the 
size  of  the  head  of,  a  pin;   are  placed  i'^n^'a  container  of  water/ 
'each^speck  wi'il   exhibit   chaotic,   disordered  movement  on  the. 
surface   of  the'  water.     An  dfcjserver  cannot '  predict  which  way  the 
individual  particles   will  move.     However,   although  the  pieces 
of  camphor  are  ^grossly   larger  than  any  individual  molecules--of 
camphor  itself,   of  water,   of  the ^ood  color,   or  any  *subs tance-- 
their  beliavi.or  on  the   surface   of  tHe   liquid  por'tray^s   the  kind 
.of  movements  believed  to  take  place  at  the  molecular   level  in  ^ 
the    liquid.  '      .  .   '  ^  .  ' 

In  the  previous   Activity   the   children  observed  the   slow  dif- 
fusion or   spreading  of  blue   colo^through  the.^ej.atin  medium. 
How   can  *this   apparently  orderly  m^v^TtveAt  of   colored  particles, 
or  m'olecules  ,    result   from  chaotic   individual  movements?     In  the 
present  Activity,    the  .children  engage   Ln  a  game  with""  spinners. 
Because   their  movements  ^away  »from  the   starting  position  are  "  ^ 
(determined  only  by  the   chance   result  of  a  spin,   they   are  iden- 
tified as   random  moves.  ,  These   individual  random  moves  can 
occur,   within   the  ^constraints   set  up,    in  only  two  directions. 
Even  so,   although   thej,  individual  moves   are  unpredictalile  ,  the 
overa'll  shift  of^^the   memhers  of  the  class   is  away   from  the 
starting  position,'  the  numbers  of  children  at  each  position' 
gradually  decreasing.     Thus   the   result  appears^^   a  gradient 
in  numbers  6f   children  at  each  position.      This   gradient  has  been 
produced  only  by   the  ^random,   chaotic  movement  dictated  by  aC 
chance  6pin  for  each   child.     The  raod^l  created  is   then  related 
^    "     to  the  observed  phenomena  of  diffusion  into  the  gelatin.  As 
an  outcome  of   this,   they  are   led  to  the  inference   that  blue 
molecules^n  ^food  coloring  may   aJLso  fe  moving  in  such^a  random 
fashion,  ^e -overall  eftect  of  the  n^any  molecules  being  that 
.<?  of- a^  gene  ral-  trend  to  spread  'into  the  gelatin. 


0 


MATERIALS    AND  EQUIPMENT: 

^    1     camphor   cake^*      •  ^ 

1     hammer  or  other  heavy  object 

JL     large   open  pan;    for  instance,   a  pie  pan 
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1  dish  of  marbles,   representing  a   liquid,    like  that  used 
in.  Minisequence   II,   Activity   3  »- 

•  .        ,      petri  dishes,  (optional)^ 

p  •  *  - 

plastic  wrap  (optionalh 

felt  marking  gens  (optional,) 

For  each  pair  of   children:  *- 

V 

4     pieces  o f  .corrugated  cardboard,   about  ^-in.  square 
^     nails,    1-in.    (2.5  cm)* 

2  bobby  pins 
cellophane  tape  L 


J 


1 

1 
2 
1 
2" 


small  piece  of  heavy  colored  paper   or  plasVic 

pair  scissors 

box  coloured  pencils^ 

Worksheets  V-1        -  ^  ^  J 

Worksheet  V-2 

sheets  of  graph  paper,  -4   sq/in.    (jjr  2/cm) 


*Be   sure   this   is   the   chemical, 'camphor,    and  not  what   is  commonly* 
referred   to   as   **camp4ior"  balls   used   for  moth  protection.  The 
latter   is  naphthalene .     Cakes  of  camphor  are   usually  available 
in  drugstores.  vi 
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PREPARATION    FO^R  TEACHING: 

Using  a  hammer^'or  .other  heavy  object,   crush   a  'small  piece  of 
the   campho r  between  two  piece^  of  p ap er  when  you  are  ready  to 
begin  t-he  Activi'ty.      Half   fill   the  pan  vfith  water.  " 

'<  ■ 

'Construct  at   least  one  spinner   to  be   used  as  a  model  when  the 
children  make   their, o\/n.^   Begin  by  taping  two  pieces  of  corru- 
gated cardboard  together  to  make   a  p^ece  'of   double  thickness 
and   about  6   in.    (15   cm)    square.     'Cut  out  one  of  the  Worksheet 
V-1   circles   and  mark   the  s^ectors   U    (for  up)    and  D    (for  down) 
alternately,   as  shown  in  the  illustration  on  page   345.  Tape 
the   edges  in  seyeral  places   so  that\the   circle   lies   flat  on 
the   card%>ard.      Push   a   1-in.    (2.5-cm)    nail   straight  through 
the'  middle  of  the   circle  and  the   cardboard  block.     Then  remove 
the   nail, and  push  it  through  from  the  othet^side  so  that  the 
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point   is  oT^the   same   side  as 
the  circle   face.      Use  a  piece 
Q  f  tape  over  the  head  of  the 
nail  on   the  back  of  the  card- 
board  to  hold   it   ij\  place.  • 
Put   a  bobby  pin  over   the'  nail 
and^ the   spinner   is  ready  for 
use.    :  Ba'sically,        -is  exactly 
like   the   one   used  'in  Minise- 
quence^VI   of  Grade  4 . 


ALLOCATION   OF  TIME: 


This   Activity   can  be  ^s^ntple t ed   in   2    to   3  hours. 

■  ( ■ 


TEACHING  SEQUENCE 


1«      Begin   a  discussion  with 
e-xamples   of   "c^n't  tell"  be- 
l^avior  with  which   the  chil- 
dren  are   familiar.     For  in- 
stance,  where   is   a  fly  likely 
to  jnove?     Which  way  will  a 
•pebble  .bounce  when  you  drop 
it?      Can  you  tell   which  way 
a  man  walking  will  turn   at  a 
corner?     Then  ask  about  a 
series  of^events,    such  as  a 
child  .in  a  toy  store:     if  the 
cjhi^ld  took   5.0   steps,    in  how 
many  different  places  could 
he  or  she   end  up? 


pan 


Show^  the   children   the'  pie 
of  water.      Sprinkle  a  f€ 
specks,  of  camphor   on   the  su"r 
face         the  water 
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These  examples   should  be  from 
the   children's  .experiences. 
There   is   no  specific   answer  to 
tfie   las--t  question,   as   it  would 
depend  on   the   size  of  steps, 
,\4:lVe   arrangement  of  display- 
counters,    and  probably-  other 
variables.       ^  . 


The  chao£isC  movement  6f  the 
light  camphor  particles  ^results 
from  th'eir  gradually  dissolving 
and  reducing  the  surface  tension 
of  the  wate^r  where  the  solution 
forms.  The  particles  then  move 
in  th'.e  directian  of  least 
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MINISEQUENCE  V/Activity  2 


TEACHING   SEQUENCE      *  » 


What   do  you' 
predict 
of   the  tiny 


obse"r>€^^  Could 
the-p^th  of  one 
bits  of  camphor? 


./Br-dTng  put   the   dish  of  marbles 

remind  the  children  o^— i-tiS-. 
use   as  a  model   represent ing 
molecules   \n  a   liquid*^.  Tilt 
the  disTi  so   that  the  marbles  - 
move   $h^ut'  freely.  4 

•  Could  yoia  predict   the  path 
^— ef  any  one  of   the  itiarb'les? 


The   food  color  clearly  prog- 
ressed  in  an  'orderly  fashion 
into   the  gelatine  .  \  If^  the 
individual   particles   of*-  food 
color  "are  movi.ng   in  such  a 
chaotic   fashion   in   the  liq- 


uid,  how  is^  ^uch  orderly- 
progress  possi?ble? 


AsH  how  you  might  find  out 
some  angv^ers  to  the  questions 
just  distus&ed.  Help-  them 
come 'up  with  the  idea  that 
perhaps  they  could  construct 
a  series  of  moves  based  on 
-chance,    and   record  what  hap 

For  convenience  and  to' 
simplify  matters,    suggest  that 
the  moves  be   the   same  size, 
and   in  only   tw^  d^rectic^s  as  , 
a  staj^t. 

Draw  a  vertical   number  lj.ne 
from  -2^0  +2   on  the^'chalk- 
board.      Put-a  red  dot  at  0 
position  on   the   number  line 
and   tell   the   children   that  the 
dot 'marks  the  fi'osition  of  a 
pe^r son  abo-u t  t-o  take  a.walk 
i'n  a  series  of  moves,  or 
steps .  • 
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re^sis  tanc^.     Thus  ,    f  re'sh  waiter 
_should  be  used  each  time  you 
wish   to  observe   t hi ^ijKhenomenon 

The   skittering  motion  of  campho 
on  wate^.is  ,er~^ood  example  of 
unpredictable  movement , 


—See  Minisequence  II, 
*and  ^Aqtivity   2  of 
V   in  Grade  ^Tr"^ 


Activity  3 
ftinis^uence 


/ 


No  , 


This    is   a  key  ques t ioh  that 
should  t>e   raised  here  even  ^ 
though  np   definitive  answers 
are   expected  at   this  stage. 
1 1  ^would  certainly  seem  tha-t 
if   it   is'  ecfually  likely   fox  a 
particle   to  move  backward*'as 
it   is   for   it   to  move  forward, 
little  or   no  pr6gress  would  be 
made .  •       .  ^ 


They   should  be   familiar  with 
the  ."number   line"  concept 
from'  arithmetic,    s'o  mo^ving 
away   from  a  cerlter  point^by 
increments  should  s^eem  natural, 
Of  Vcourse ,    the   number  linens 
with  which"  they  are  probably,^ 
familiar,  are  horizontal.  The 
steps   being  taken  here  are 
either  up  or   down  with" respect 
to  a   center  point,    as  on  a 
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TEACHING  SEQUENCE 


What  could  be  used   to  • 
determine  at  random  whether 
the  person  goes   up  or  down 
at  each  step? 


Give  each  pair  of  -children  'V 
two   nails,    two  bobby^^  pins, 
^fou^r  pieces   of  corrugatied 
cardboard* and  two   copies  of 
k  th^   sectored  circl'e  on  Wor^k- 
sheet  V-1.   'Also  provide  them 
with  cellophaije'  tape*  Help 
them  to  construc't   bheir  own  ' 
spinnera   in   thq  manner  des- 
cribed under   Preparation  for 
Teaching . 

When   the   children  have  con- 
structed .their  -spinners,  show 
them  how  to   flick   the" bobby 
pin.*   They^  should  agree^.cJn  a. 
strategy   to   follow  when  it^ 
stops  betweefi  sections*  For 
ins tanc e  ,    t-Ke   section  where 
the    longer  enc^  lands  might 
be  the  one  to  count* 

Ask   a  child   to   spin  his  or '"her 
spinner  and  tell  you   how  to 
move    (not  , where  Co  go!)  on 
t.he   chalkboard  diagram*  Mark 
X  on  the   +1  or  -1,   as  di- 
"rected.      Then  ask  another 
child  to   spin   and   tell,  and 
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thermometer.  '^However,  the 
principle   is^the   same.  ^ 
vertical  orientation  has  been 
chosen   in  order  to  make  the 
analog*y  later  with  ,  Uie  move- 
ment of  food  color  particles 
in-  the   test   tube  of  gelatine. 

They. will   need  scJInething^to 
specify  at  randoifi,   ob  j'ec  t  ively  , 
in  which  direction   they  should 
move*     The^familiar  spinner,,^ 
with   two,   (or   any  'even  number) 
of  segments  would  do  very  well. 
In  this   cas'ei;^they   could  also 
toss   a  coin  to  determine  the 
direction  of  movement--heads, 
up,-    tails,    down.  However, 
the  spinner   is  used  because 
later  they  ^ill  want  nvore  than 
two  determinants   of  action,  * 


Eacli  child  shoul'd 
spinner . 


construct 


^Whenj  usedj  the  spinner  shoiild 
— be  pl^aped  on  a  horizontal  sur 
face.      If   it   is-  plaojsd  at 

r 


IS' 

angle,  the  weight  oJ 
will'  favpr  the  lower 
Many  children  may  be 


an 

the  pin 
sectors  * 
f  amilia*r 


with  spinners)  bee ^u se  of*  their 


use. 


m   childr^fl'*  s   games  ^ind  i.n 


Minisequence  VI   of  Gfade  4. 


If  the 
to  41, 
(down) 


356 


first  move   is  U    ( ]^ 
the  second  may  b e%D 
to  0  or  U   to  +2  ,  Iff 
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'  .'teaching  SEQUENfcE 


move  acc.ordingly  again. 


•  How  could  "we  keep  track  of 
the  person's  progress,  if 
any,    away   from  the  starting 
^position? 


2.     Distribute  Worksheet  V-2'. 
Point  out  that  on  the  Work- 
^sheet  there  are   two   rows  of 
box^s  corresponding   to  the 
number  line.     The  children  can 
use   h'Savy  colored  paper^(or 
plastic)    and  scissors   to  mak'e 
the  markers.     They  shoi^ld 
have  one  i^narker   to  represent 
the  iqoving  individual,  one 
to  showAupward  progress  and 
one   to   show  downward  progress . 
The  X,   or  other  indicator 
letter  for  the  individual, 
moves  ^ach  step  as  directed 
by  the  'spinner  along  one  row 
of  boxes.  '  The  U  and  D  move 
out   only,    ne^ver   in,    and  show 
in  the  second  row  of  boxes  how 
far-away   from  home  base  (0) 
the  walk  went.  • 
<» 

He*lp  the  children  get  started 
on  their  walks,  and  tell  them 
to  stop  after' tl^ey  hai^e  taken 
ten  steps.  .They  should  tally 
each  step^  as   they 'take  it. 

After  the   first  ten   steps,  be 
•sure   that   the   children  have 
mainta^ined  the,  right  records. 
Tlren  have   them  continue  to 
recor4  for  26  more  steps,  f 
stopping   after  30  steps.* 

Discuss   the  following 
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it   is-  D  to  0,    move  and  raise 
the  question  .of  how  you  can 
remember  how  fa^^upyou  haye 
gon'e.      The   children  should  see 
that  a  U  marker  is   needed  to 
show  total   upward  progr.ess  . 
If   the   second' move   is   U   to   +2,  * 
you  can   also   raise' the,  questio^o 
because  the   third  move  ma^'^be 
down.      If  the'  first  move^^is: 
D  to  -r,   develop  a  similar 
reason   for  a  D  marker  to 
indicate   the  maximum ^downward  ' 
•  movement". 


Small   squares   that  will   fit  on 
the  boxes  can  simply  be  cut 
out.     Actually  any  small  mark- 
able  object  can  be  used. 


With  two  xows  of  boxes,  the  U 
and  D  markers  will  not  inter- 
fere with  the  movement  of  X . 


The^  children  may  work  in 
padrs,   one  spinning  and  the 
otrher   "walking"   and  record- 
i_rjjg ;    they  can  switch  after- 
.^^ch  set  of   ten  steps.,  > 


If  you  wish,  they  can  go'  on  to 
50  steps.  4^ 
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You.might  collect   data  on   the  ' 
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15 
14 

13 
1?' 
11 
10^ 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


-13-^ 
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RECORD  AJID  TALLY; 

"  Space  Occupied  bv  ^ 

Spread 
^  Between 
U  and  D 

M 

'    D  ^  \ 

After  10  Steps 

20 

30 

 ^ 

> 

40  ^ 

50 

CONCLUSIONS 


\ 


■r 


>  •.  MINISEQU^N'QE  .V/Activi4y  -2 


■A 


TEACHING  SEQUENCE 


que  s  tions :  ,      -  < 

•  What   seems   to  be  happening 
to  the  X  marker? 

•  What  'is   happening   to  -the 
spread  between  U  knd-D? 
Why  should  this  hri? 


bdt^ 

The   children  should  reach' 
these  conclusions  b'^efore 
p^roceeding'^o   tHe  next  Sec- 
tion'of  .the  Activity: 


a) 


b) 


c) 


The*  position  of   any  per- 
son's  X  at   a   given  moment 
is  unpredictable. 


,The  average 
all  the  X's 
able  . 


position  of 
is  predict- 


The   spread  between  U  and 
D  increases    as   the  number 
of   steps   mc r ea  s es^- 1  n 
short,    ther^  _i£  "progress" 
as   a  result   of  random 
' mo t  ion . 


They/6an  record   these  con- 
clusions on   their  Worksheets 

'3,      At   this   point   return  'to  a 
consideration  of  the  movement 

*of  food  color  into  the  -gela- 
tine. Initiate  a  discussion 
of  what  wa s ' happerii ng  a§  the 
blue  molecules  diffused  into 
the   gelatine,  • 

•Do  you  think   that   the  blue  * 
molecules  moved  in  only  one 
direction? 


Ask   the   children  what  they, 
think  about'the  possibility 
of  molecules  moving  'in. the 
opposite  way. 


ERLC 


COMMENTARY 


lOtlj   and   30th   steps    and,  -^bn  the 
^chalkboard,    shov  the^  aver^^ge 
position  ofX    (average  for  the 
class),    and   the   average  posi- 
tions   for  U  *  and  dT 


A. 


If   ch'^ldren   respond   in  th,e 
affirmative,    agree  with  that 
part  of   the   response   that  the 
QvWrall  ^effect  was   to  se'e 
color  move   from  higher  to 
r*egions   of  concentration. 


blue 
lower 
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•  Coul^   the  blue  molecules 
move  in  either  direction 
through  the  cellophane  walls 
earlier? 


How  id  th-e  plue 
in  the  test  tul^e 
t  ine? 


color  move 
of  gela-" 


Suggest   that   they  try  to  see 
if  a  model  can  be  devised, 
based  .on  the  random  motion  of 
many  indiv'idj^ls ,    which  will 
look   like   the  diffusion  sys- 
tem  they  have  observed  in  the 
gelatine.'    Draw  six  horizontal 
lines  on  the  chalkboar<3  about 
15  cm   (6   in.)    apart,    as  shown 
in  the  sketch'.  '  Letter  the 
spaces  between  the  lines  from 
1  to  5. 


Suppose  we  use  an  X  to  rep- 
resent a  molecule  of  food 
^ CO  lor . placed  on  the  gela- 
tin^. In  what  space  could  * 
the  X  be  placed  to  repre- 
sent its  position  at  the  . 
beginning  of  the  experi- 
ment? • 


COMMENTARY 


ERIC 


Yes.     The  blue  gniolecules  seemed 
to  move  "into  tl>e   clear  water 
wh ether   from  inside  the  bag  or 
from  outside  the  bag. 

Their  observations • led  them  fo  ' 
infer  that   the  blue  color  spread 
into  the  gel  either  down  or  up 
the  test  uube. 


If  you  v^ish,   you  can  draw  the 
outline  of  a  test   tube  around, 
th^  spaces . ^ 


Of   course,    any   letter  'can  be 
used  to^  represent   the  food 
color  molecules. 

The  -X  could  be  placed   in  the 
uppermost  spacer   1,  becaflise 
the   f^ood^^olor  was.  placed  on 
top  of*  the  ^ela^ine  to  begin^ 
with,    'it  sp"r^ad  out  ffom 
there. 
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Put  an  X  in  space  /l^  on  the 
chfeilkboard.     Again  the  spinner 
can  be*  used  to   determine,  by 
chancev   which  direction'  the 
X  will   move  in. 

♦   Did   the   foqd  color  move 
rap  idly  or  s  lowly*' thro  ugh 
the  gelatine? 

To  make   their  model   conform  to 
' their  observation  that  the 
food  color  moved  very  slowly 
through  the  gelatine, ^  the 
Children  could  change  their 
spinners  t    they  .could  color 
in   four  of   the   six  sectors  on 
the  spinners,    leaving  only  one 
U   sector  and  one  D  sector.  If 
the<,spinner  lands   in  a  dark- 
ened sector,   th^' molecu'l^e  will^ 
stay  where   it   is.     This  way 
there  will   be   no  movement  at 
all  over  half   the  time,  slow- 
ing the  process   doWn  con- 
siderably. 

Call  on  one   child  to  flick 
the  bobby  pin  on  his   or  her 

'spinner  and  tell   the  secto^ 
on'which  it   lands.      If  it 
points   to  "a  D,    erase  the  X 
^nd  put  an   X   in   the   next       ^  ^ 
%pace,    2.      If,  it  points^to  a 
U,    ask   the   child2>en  what 
should  be   done  with  the  X.  ' 
If  any  other  sector  cojnes  up, 
leav,e  "the   X  where  it  is  and 
ask  anothei^  child- to  spin 
ano  the  r  nu'mber  *    "^Once   the  X 
is-  in   spaced  2,    3 ,  '  4 ,   or  5, 
it  ^is   also,  possible   for»  it 
to  move  up  one   space.  t>o 
this  *when-ever  U   cojn^s   up  on 

^he  spinner. 

Continue  having  the  children 
spin  and  call  out  landings 
while   you  move   the  X  u^ntil  * 
they  understand   the   rules  for 


moving ; 


it  stays  where 


it  is 


COMMENTARY 


There  should  be  general  agree- 
ment that  the  color  moved  very 
slowly  through  the  gelatine . 


\ 


l^y  to   elicit  the   idea   that  in 
this   particular  case,  ^where  up 
ward  |;a(Ovement  is  indicated 
when   the  X   is   in  space   1,  the' 
X  must  be   left  where  it-  is 
because   the  particle  of  food 
color  could  not  move  up  off 
the  gelatine  into   thfe  ^ir. 


You  may  heed  to'  move  the  X  to 
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when 
four 
iD,  it 
unles 
which 
it  is 
place 
mo  ves 
happe 
at  th 
case 


TEA.CHING   SEQUENCE  ^ 

the  ^^inner  lands  on  the^ 
darkened   sectors.     For  a 

moves  c^own  one  space 
s   it   is   in  space   5,  in 
case   it  also   stays  where 
because   there   is  no 
to  move . ^    For  a  U ,  it 
up  one   space,  unless<it 
ns   to  be   in  space   1,  (as 
e  beginning),    in  which 
it  stays  where   it  is. 


this 


Before   the   ch'ildren  begin 
activity,!' one  more  key  ques-  " 
tion  must  be   raised,    if  the 
children  have   npt  already 
done   so:      Is   a   single   X  a  good 
representation  of  the  situa- 
tion where   food  color  was 
placed  on*  gelaliine? 


•  If  you  had   30  X's,  say, 
would  they  all  land  on  the 
5  after  many  moves ?  Would 
they  all  come  back?  What 
do  you   think  will  happen 
to  many   "molecules"  when 
a  series  of  spins  directs 
eTach.  one? 

Invite  .them  to  itry  this  out 
^with  each   child^s  spinner 
directing   the  moves.  This 
time,    the   children  themselves 
will  do  the  moving,    or  "walk- 
ing,"   instead  of  a  marker. 

Use  chalk   to  mark  off  a  large 
area  of  the  classroom  floor 
into   five   spaces.      Label  these 
1,    2,    3,    4,   and   5,    as  the 
chalk^board  sketch  was  lab'eled. 
Each  area   should  be  large' 
enough'Ulhat   the   Entire  group 
can  stanci  J-n  one  of   the  ^/Hwav^  ^ 
bere^d  spaces. 


Have  the  children^  begin  all 

35  4    *  ; 


COMMENTARY 


space   5   and  ask 
at   that  point . 
will   not   ge>t  to 
the   sequence   i s 


about  the  rulea 
1 1  probably  }  I 
sjpace  5  , unless  , 
continued  well • 


beyond   twenty   spins.    ^ You  may 
also  need   to   do  similar  thincfS 
to   explain  the   rule   that  it 
stays   if  a  U  comes   up  when  .dt 
is    in-  space   1.      A  limited  se^ 
quence   of  spins  may  not  take^ 
the  X  against   eithet  edge.  I 


The  children   should  realize  v 
that  representing   the  movement 
of  on,ly  one  molecule  is  un- 
realistic.     Presumably  there 
are  many,   many  molecules  in 
a  d^op  of*  food  color. 

« 

Encourage   their   ideas.,  ^ 


It  would  be  best  if  the  area 
'could'-be  between  two  actual 
walls  which  would   form  the 
outside  edge.s  of  spaces   1  and 
S.  ^  .Otherwise  make  artificial 
walls  with  f-ows  of^  tables  or 
desks.      Alternatively,    you  may 
find  'it  easier  t*o'  take  the 
group'  outside  onto  ^Varkable  « 
play  surface   for   this  activity. 
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'j^.ACiJ'ING  SEQUEIJCE 


standTn^  ir|  space   1,    as   i  f  I 
they  vee|:e  ^lever'al   food  co/^r 
molecules  .qn  the   surface  of 
the   gefatirte.     Tell   them  tliat 
they  ar^  each  to  move  accord- 
ing  tQ  rthe,rules   deve  loped  '  for 
the       an  the  chalkboard.  'Each 
child  sjhould   spin  his   or  her 
spinn^r^just   fi^e   times  an^ 
move  according  to   the  sec-* 
tors  that  come  up. 

After   the   five   spins,    have  the 
children  help  you   count  the 
number  of  people   in  each     "  * 
space*      Record  the  results^ 
Continue  with^sets   of  five^ 
spins   until*  a  tot*al  of' 
twenty  spins   have  been  made. 


4,   '  Let   the   children  discuss 
what  they  observed  during 
the   above  experience.  Could 
^ach  of  them  tell  where  they 
were   going   to  move  before  they 
spun   the  spinner? 


Was  there  any 
way  th*e  class 
moved? 


pattern  ir>* 
a  -whole 


the 


COMMENTARY^ 


You  may  need  to  remind  the 
children   to   hold  the  spinners 
level   to   insure  ?^at  all  six 
sectors   are   equally  likely. 


Below   is   a  chart  of  typical 
results   from  this' part  o^f  the 
activity.     Your  actual  results 
will   no  doubt  differ  somewhat. 


Number  of  Spins 


Number 
'of 
dhil- 
d'r  en 

in 
Space 


0 

5 

10 

20 

1 

30 

24 

•13 

10 

a 

5 

11 

^ 

11 

8 

3 

^  1 

5 

5 

5 

4 

1 

4 

3  ' 

5 

1 

4 

No /    it  was   unpredictable . 

You  can  point  out  here  the 
data   recorded  on  the  chalk- 
board.     If  the   children  wish, 
you'  may  repeat  the  experiment 
to  produce  more  data  and  to 
let  the  children  observe  the 
movement'of   the  group  while 
they  know  what   to  watch  for.* 
The  children  should  see  that 
they  were   initially  c,o rtxf^n - 
trated   in  one  place/  but  that 
the  different* chance  movements 
produced  a  net  transfer  of 
children   into   the  empty  spaces 


er|c 
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) 


•  What  would  you   expect  the 
distribution  of  children  to 

/be  if  a  s^imilar  experiment 

•  were'  continued   tqr  many 

^    mor'e  than   twenty  spins?* 


7 
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COMMENTARY 


i 


They,  should  realize  i^h^t  even- 
tually all  th^  spaces  w^ould_ 
have  about  the  same  auraber  of 
children*  This  numb^ -might 
vary,  a  little  by  chaa^ce,  but 
th'^.re  would  eve^tual^y  be  no 
more  net'flow*  It  is  highly 
unl jikely  that"  the'  wlfole  class 
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By  this  time  some  disciission. 
may  have  occured  r'egarding  the 
similarities  between  this  and 
previous  Activities/  If-  not, 
give'out  sheets  of  graph  paper 
^d^have  the  children  mark  in 
the  points  for  the  numbers  of 
children   in   each   space  afte:t? 


10. 


15   or  2 


}   spins .      A  sample 


graph   is   shown  bel^>w. 


MINISEQUENCE  V/Activity/ 
COMMENTARY 


would  ever  again^ome 
space 


(On  ^ave  rage 
happen  once   in  every 


together 
it 


in  one 
might 

1,000; 000, 000, 0  00, dOO, 000 ,000 
spins  I  ) 


If  children  are   interested,  the 
experiment   could  be'  extended 
bei^ond   twenty   spin^.      In  addi- 
tion,  "several   repeats  of  the  . 
same  experiment   could  be^  done 
and  the   results  averaged  for 
each  point.      This   could  give  a 
somewhat   clearer  graj^h* 


/ 


00 


<3 

•  / 

'  .    *^    ' ' .  ^ 

t 

* 

• 

5  10  15  20 

Number  of  children  in  a  space  after  10  spins 


FRir 
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Looking  at   the   graphs  you 
have   drawn,   what,  can  y^u 
say  about   the  -distribution 
of  children  in  the  roo^n 
after  5. spins?     after  10 
spins?  etc. 


The  children  should  recognize 
by   now   that   this 'game  of 
chance   has   resulted   in  a 
situation  producing  a  "g/adi^ 
ent"   of   concent fa tions ' of 
chridren.     Very   likely  some 
will  see   the   similarity  .to 
previous  Activities--the 
temperature   gradients  down 
the  nail  as  well-  as   the  dif- 
fusion  of  the  blue   food  color 
molecules • down   the  gelatine. 


Do.es   this  game 
provide  a-  reas 
of  the  diffusio' 
served? 


4 


h  spinners 

e  model 
ou  ob- 


COMMENTARY 


The   children  spread  out  grad- 
ually  from  the   starting  spaces 


►The   graph   they  h^ve.just  m^de  \^ 
should  remind  at  least  sorae 
children   of  the   graph  they  u 
made   in  Activity'7   of  Mini- 
s'equence   IV.     There,    the  heat 
energy  was   at   first  concen- 
trated near  one  end  of  *the 
iron   nail.      Gradual  ly  the 
heat  eriergy  spread  down  the 
nail   and  '»the  thermometers 
registered  progressively  lower 
temperature^   the   farther. they 
were   from  the   heat  source. 
Here,    the   childrens'  (net) 
moveitferit  away  f^pm  space  1 
"models"   the  pr'evious  behavior 
of  the   heat  energy. 

Be   sure   they  real-ize   that. what, 
thiJy  observed  in   the   tube  was 
the  ove^rair  effect«^of  the. move- 
ment  of  millic5ns  of  individucll 
blue  molecules . 

It  appe.ars   to  duplicate .  the 
overall   effect^      Help  -the 
children   realize   that  this 
-Sj)inner   game  provides  merely 
one   model   for  the   gradient  ob- 
served during  diffusion.  A« 
model   is   useful  if  it  can  ex- 
plain observed  phenomena  but ,  - 
it   need  not  be   the  only  one 
pos  sible . 
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Help  them  consider   that  since 
the  model  resulted  in  such  a 
gradient  'of  children,  and 
since  their^movements  in' 
creating   the  gradient  were' 
^all ^chance  or  random  ones, 
perhaps  "molecules  also  behave 
in   this   manner.      The   idea  ;that 
su^:h  an  or5.-erly  pattern  *can 
result   from  a  cot^lection  o5 
chance  movements  will  be  ex- 
plored  further   in  Activity  3, 


.COMMENTARY 


By   •*random"  be   sure  they  und^r-' 
stand  moves  which,  could  not  be 
predicted  ahead  for  each  mole- 
cul"e--al though,  the*  overall 
shift  was   towards   the  empty 
lor  ^Lear   gelatine)  region. 


EXTENDED   EXPERIENCE r 


Sonre  children  may  be   interested;  in  attempting  to  develop  an 

analog  model  of   the   random  path  of  a  camphor  particle.  First   

they   can  make  a   record  of  the   random  behavior:'     Fill  a  shallow 
dish--a  petri  dish  is   i'deal --wi th   cool  water  and  sprinkle   a  few 
tiny  pieces  of  camphor  on  the   surface  as  was   done  earlier.  Tlien, 
cover  the  petri   dish  wi.th'a  pi^ece  of  transparent  plastic  wrap. 
Have   the   children  caref.ully   facus   on  a  bit  of  camphor,    pl^ce  a 
felt-tipped  pen  pn  the  plastic  yrap,   and  trace   the   chaotic  path^ 
of   the  particle.^   The  wrap  will  then  shov;^  a  tracing  of   the  ^ 

— T^T  reconstruct  (the  path  ojf   t^e  i;)article,    the   children  coul<?^use 
a  spinner   divided  into   eight   equal   sectors.     ,The   sectors  wfould 
be   lettered  N,   NE,^E,.SE,    S,    SW  ^  W,    and,  NW  to'jjadi'cate  -the^ 
directions    in  wh^:^ch   the  parotide   can  move^»   '.(^ctu^Oy,    a ' 
device. which  will  provide  eight  dif f erent^x^equally  pbWib^ 
outcomes  may  be  lised.      For*example,    eaclTchild  could  use  an 
opaque   container   into  which   eigh't.^    one-inch   squares-  of  card- 

^  board,  lettered  a»s  above,  have  been  placed.  Before  selecting- 
one  of  the  squares,  the  container  should  Be  shaken  vig'orously, 
The   squares   sho^uld  'not  be-  vAible  -when  one   is  drawn 


) 


An  initial  game,  of  trace  of  the  random  walk,*mi9ht  he  done  a§ 
a  demonstration,  on  the  ^chalkboard  of  o  ve  rhead^  pro  j  ec  tor  .  Then 
each  chpild  could  play  their  own  g^'ame .  s    .  • 

The  children   should  select  the  center  of   the  graph  paper  ^s^'a 
star  ting' posit  ion   for   this   "camphor  particle."     Let  the'obje'ct 
move   only*  to  one   of  eight   intersections   on   the   graph,   as/ipdi-,- ^. 
"cated  by   the  arrow  heads   in.  the   illustration  on  page   360•^*  Using 
graph  paper  with   4  s^quares   to   th^   inch,    the  particle  can  mpve  / 
North,    East,    South  or   West   four   squares  Vr  diagonally  NorOth 
Ea^t,    South  East,    South  We.s  t ,    and  North^wVs^;  to  J:he   other  cor- 
ners  of  the   lar,ger  squares   fo''rme<^  by  sixteen  of   the  smaller 
squares.     Each  f^ssible  dif'ectio.n  ^for  a  corresponds  wi^h 

a   section  on   the   spinner.     A  replica  of   the   illus  tratio-n  should 


368 


2-5  9 


MINISEQUENCE  V/Activity 


mam,  on  the  chalkboard  while  this  game,  is  being  played-  so 
that  the  children  Tnay  use  it  to  determine  th#  directions  of 
moves .  * 


NW         N.  ,  NE 


I 
I 


sw 


$E 


Consfecutive  positions   of  the   "particle"    should  be  indicated 
by  numbers  on  the   graph.     After   four  moves   have  been  madfe , 
connect  the   starting  position   to   the    fourth  pasition^as 
shown  on  page  361.      Repeat   for  the'next   four  amoves.     Con-  • 
t'inue  until  about  88  movfes   have  been  made  on   tl^  graph. 
(One  reason  connect^ing  every   four  moves   is   that   it  would  be 

difficult  to   see  all   the   tiny  moves  being  mad^e  •  Another 

^    •  li- 


very difficult  to  see 
reason   is   that,   when   tiny  pafticl-es 
feted  about,   w^  probably  do   not  see 
particle  but  do^see  an  overall  effect. 


are  actually  being  buf- 
every  posxtion  of  the 


4 


/ 

J 


.J 
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When  they  are   finished,    th^. traces  made  by  all  the^hildren 
should  be  examined^  and  comQared.     Althougli  all'  represent 
jnovement  on   the  graph,   |ach  move  as>well  as  .the   total  tr^ee 
was   quite*  unpr  ecjlc  tab  le  .      It  is  mos  t'  unlikely  ^tha  t  they'wj.11 
discover  any   two   tracin|ps   that  a^-e 'alike.     Th^en  have  the 
children  compare  the   traces  with  *tfhose  made*on  plastic*  film 
of  the  movement  of  camphor  ,particles\     ^.he  similarity  will  ^ 
be  obvious.      In   this   comparison,  ^^^i;   it  not  b^e  'reasonable 
to  associate   the   Cinpr edictabie  ^^iJr^^iion^  iiV.which   the  caih^hbr 
particle  moved  with   the  concept  of  pure  .chance?     Could  -not" 
the  camphor-particle  movement  be  thought  of  afe'  a  random  [ 
walk?  "    ,  *  'C   .  K  . 

'       *  y  ft  ' 


TO 
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MINISEQUENCE  Y/Activity'3  ' 


A  Trip  by  Chance 

The  object  of  this  .Activity   is  to  conti"nue^the  development  of 
th.e   idea  that  the  pattern  of  a  large  number  6f  chance  events  is 
orderly  and^  predictable  while   the   result  of  any  one  of  them  is 
highly  unpredictable.     The  Activity   involves  a  series  of  moves 
on  a  diagram .     Each  move   is   dictated  by   the   result  of  a  spin, 
and  making   the   "trip"   can  be  approached  as   a  gatoe  .     By  combining 


ERIC 

y 


the  results  of  trips  -taken  by  marj^  dif  f  erent  travelers  in 


a 


iiistogram,    the  children  observe  a  symmetrical  distribution  in 
their  destinations. 

This  Activiti^,   after   it  has  b^een  performed  and  the'results  dis- 
cussed,   should  help  children   further  to  understand,  the  results 
of  tl;ie  precedi;i'g  Activity,   Random  Walks,   and  ^should  provide  a- 
basis   fpr  them  to  understand  that   the  resultSy' produced,  with  the 
so-called  Hexstat,   available   for  optional  use   later,    are  also 
due  entirely   t^o  chance.  .  ^ 

MATERIALS   AND  EQUIPMENT: 

Hexstats    (optional available   from  Harcourt ,   Brace , 
jQvanovich,    Inc.    (see  page  459   for  ordering  address)  J* 
at   least   2/or   3  > 

r  ■    (  ^  .        '  ■ 

For%  each  dhild:  ^       ^  ♦  •  ■ 

4'     different  colored  pencils 

'  1  '-spinner   from  A'ct'ivity   2         ^     >      ^  -         .  ^ 

;        1^    copy  of  Worksheet  V-1    (pli>s   scissors  and  tape)* 

'  1     capy  of  Worksheet  V-3                             •  ' 


PREPARATION   FOp  TEACHING:        ,  -  . 

No   specia'l  preparation   is   necessary,   other   than  running  off 
copie's  of  Worksheets  V-X^  and  V-3.  ^ 

AI^LOCATIOt{  OF  'TIME;.  .     '  .  ^ 

This  Activity  can  be  completed  in  about  ^n  hour,    exclusive  of 

the  Extended  Experience. 

*  ■»  »  , 


MINISEQUENCE  V/Activity  3 


TEACHING  SEQUENCE 


1..    ^Begin  this  Activity  by 
distributing  fresh   copies  of 
Worksheet  V-1  «and  asking  the 
children   to  cut  out  ^the  cir- 
cle and  tape   it   down  on^their 
spinners\     This   time   the  sec- 
tored circle   should  alter- 
nately be  marked  R    (for  right) 
and  L    (for  left).      Then  giv^' 
each  child  a   copy  of  Worksheet 
V-3  and  a  calored  pencil. 
Tell  them  to   imagine   that  they 
^are   travelers   starting  on  a 
trip  from  the ' bo ttom-mos t 
circle   labeled   "start."  At 
the   starting  circle,    two  paths 
go    in   two   di^ctions,   a'nd  the 
one   to.be   taJwn  wi.ll  bi  .  de- 
cided by   spinnin'g  the  spinner. 
■Jhey  will  choose  *,the  one  on 
their  righ^if   it   lands   on  R 
and  <the  on'^e  on   their  left  if  . 

They  wiLl  theh 
of  the  two  pos- 
o  f  the  f  i  r-s  t  S 
From  the.re  , 


it*  lands  on  L, 
advance   to  dne 
sible  outcomes 
spin,   marked  1 
the  path  they  choose   is  de- 
teVminqd  by   the   result  of  a  ' 
second   spin.      On,  the  basi,s  .ofj 
*this  result,    th-ey  move  to  one< 
of    the.  circles  'marked  2;  By 
thus  ^going  to   their   right  ^or 
left  each  time   they  come   to  a 
fork  in  the  path, "they  bon- 
tiftue  t>n   th,eir   journey  until'J 
they  reach  one  of  the  nine 
destinatiohB  marked  A  througii 
I.  e 


•  What   are   the  chances  that 
yiu^will  go   to  your  l^ft  or 
to  your   right   at   each  fork 
■  in  the  path? " 


<  COMMENTARY 


Agai'n  they  will  need  ^scissors 
angi  tapet 


1       ^  .   '  i 

r 

W^y  are   there  3  -  and   not   4  o^ut- 
cpmes  of  the   s^^cond  'spin?  >Be- 
cause  going   left   and  th^n  right, 
L'tiR/   gets  to  ''the   sajne  position 
a&\  goi£g  r^ight\and  theh  left,' 
R-L.      I,f  ■  th^  •  children  V  have  \ 
studied,  the   commutative  axiom  ;  , 
in  mathematics,    they  may  see 
that   the  positipn  redcjie'd  on 
the  entire   tripi  depends  upoh 
the   nunfbers   of'L's   and  R's, 
not   the-ir  ,sequ.^lice:  " 

[L,R]    =    [R,L}     •        ^     .        •      .  ' 
[L,R,I,3    =    (R,L,L]  ^=    LL,L,i^l  • 
[51-,R,L,L]    =    [R,^L,L,R]    =  [L,L,R,R] 
etc.  '  ' 

Since  the  choice   is  b^a^sed  on 
the  1  to  1   chance  'of .this, 
particular   spinner, ' the.  child 
is   just  a«6   likely  to  ^o  jin 


one 
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^INISEQUENCE  V/A«tivity  3 


TEACHING  SEQUENCE 


} 


What  can^ you  predict  about 
which  of   the  destinations 
you  wil«l  come   to?  ^ 


•  How  do  your  chances  of 
^arrivilrg  "at  D'compare  wj.th 
.your  chances,  of  arriving 
.  at  C?     at  A?     at  E?     at  G? 

Before  the   children  begin  to 
travel  to' their  .destinations 
in  the  manner  described  above, 
ask  each  child  to  predict 
which  of   the   nine  destinations 
he  or  she  will   come   to  and  ' 
then   to  record   the  prediction 
by  drawing  a  box     □  around^ 
the   letter  and  circlfij  pre- 
dicted.    On  arrival  at  one.of< 
the   nine   destinations,  ^the 
chitd  can  make  an*X.  over  t^e 
circle  on  which  he  or  she 
landed--oi*   simply  color  it 
in  with  th'e  pencil.  Remind 
them^  to  play   fajlr-  and  not  to 
"fudge"   toward   th^ir  predic- 
tion! 


When' all   the  c.hild2jen  have 
made   one   trip,   ask  h,ow  many 
them  W'ere   correct  in  their 
predictions • 


of 


In  a   similar  manner,  each 
child  ^should  follow  the  paths- 
t^ken  by   3  mpre  travelers. 

/ 

2.   'Lead  the  children   to  sug- 
gest 'a  Qo'oling  of   all  their 
data,    us^ng   the   rest  of.  the 
^Worksheet*  .  Tell  .each  child  ' 
to  call  out   in  turns   the  des- 
t'inactions   of  his   or  her*  four 
travelers.   'The  children 
can  keep  tallies^   tw^  to 


COMMENTARY 


direction  as   the  other. 

Questions   such  as^these,  once 
raised,    can  be  held   fqr  dis- 
cussion  until   after   the  chil- 
dren have   traveled  ^several 
times-  to   their  des tinat^ions  . 
by  playing  '^the  game.  , 


Probably  no  more   t^an  a  ve.r^_^ 
few  o^f    the  predictions  will_ 
have(been  correct.  JIm'phasize> 
-that   the  probability  of  being 
correct   is   very* small  and  that 
one   cannot  predict  with  cer- 
'"taint^   the   ex^act  destination 
ov  any  one   tra'veler.  ^ 


Different  colored  pencils  can. 
be  \!ised  ^oi:  the  path  .of  each, 
traveler . 


.■■\ 
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TEACHING  -Sequence 


a  box,  in  the 
the   letters  . 


CO  lumns  abov^- 
When  'all  have' 
fir^shed  .  tellings  and  tallying, 
each  *  chi  Id  should  have**  a.  his  - 
tbgram  of  the  pooled  data.  An 
example  of  one  such  Jvistograro 
is   shown  .oh  page  36.7^.^ 


•  What  do  you  observe  about 
this  histogram? 


•  How  do  you  account-for  th^^ 
orderly ' distribution  of'" 
the  x;^sults? 


'During   the  '  discus  sion  of:*the^ 
questions   raised  at  th^e^  beg^in- 
ning  of  thte/Activity,  ^it 
should.  be'^i^rQught   otit  that:.^ 
(1)  .Any  destination  for  a 

^given  traveler   is  possible.  ^ 
The   destination  cannot  be 
predicted  with   certainty. - 

\(2)    The   results  o.f/a  large'; 
numbe):  of  ".chance,  events  *prt)^ 
duc'e  *  a  pattern  that,  is  fairly-, 

.symmetrical,   with   the'  greatest  ' 
numbe-r  cjf  'travelers  arriving 
at  the  'center  ^of  the'  pattern' 
and  ^with  a  decreasing  number 
arriving  at  'the  succe^siv.e' 
destinations. to  the  right  and 
the   left'  of  center;      (3)  For 
a  large  number  of  travelers,  > 
the  pattern  of  their 
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^COMMENTARY 


It  can  be  expecteci  to  be  fairly 
symmetrical,    and  the  chaji'cea  . 
th^^  traveler  will,  reach  any 
of  the\d^s tiri'ations*  can,  be-  es--.^ 
^ tima ted  )wi'th,v  'rea^nable'  acqura,-^ 
cy.  ,   Fojj:  a  .glass.  of^-'30,  the'/ 
.t-h^oret'^'cal  :exp^,c t^t: ion's  -that 
the   trav^elers';will'  ^nd  irp.<^gS^ 
the"  ya'r  ious*  desti*n.'iti-^i^rs^are 
'shown'  below,  '  '  ' 

Destination  Number  of  'Travele'rs 


A' 
B* 

V 

F 

'h 

I 


-  1 

.  ,13 
26  ' 


.  E ven  .;tho ugh  •  i t  w^^  ppss  ible    .  * 
•'-for  any  giveja:'tr-^veler  'to  end  - 
up a^t  -ayty  on^e  of  the*  des.t'inai-^ 
tio,'hs  _(altho^ugh.  not  -equally  J,.  ; 
liTcelyJ^,  ^>khd  p'v^ti^  t^ougH;,  tjie^'  '^^ 
:i  n  d  i.jiA  d  u  ast '  p.a  t h  s  ''.^o  1  low e 4/ 
determined  s^olely  by  succe ^^';t^'e  ] 
chcLnce  ^ents  ,.,cQllec'tl.ve;.y'  .  .  ,^ 
t'h-^  re^-ultf  wa^r^  patterned  '  a 
they  wiere  'partly  'a,^'^a  YfisulV  o-f.^, 
tlie   rules, -and 'rest^xaiats,, of 
the  game  and' partly  because  a 


laiJg-^  rium 
involved 


b,6ir."Of  traveletS'  wafe 


I: 


For  .example-,  re^^-rdTeiss  'O-f  hpw 
maiiy  . t Irarveljer s  th'er4  ^may:rbe,, 


V  *  * 
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TEACHING  SEQUENCE 


destinations   is  predictable, 
j^ecause  of  the  "overlaps" 
built  into   the  diagram.' 


J 


COMMENTARY 


there  are  only  ni 
.the   inn."  Since 


rooms  at 
ryone  has 

*  to  be  someplace,  sonie  "room-, 
mates"  are  necessary.  Further ^ 
more,  there  are. some  rooms  more 
accessible   than  others --that 

.is,    there  are  more  ways   to  .get 
to  them.     Thus* the  accessible 
"rooms". —  such  as  D,   E,  arid 
have  more  occupants,   while  the 
less  a^ccessible  "rooms"--such 
as*A,   3,   H,   and'  I--have  fewer 
occupants . 


EXTENDED  EXPERIE^JCi 


A  Hexstat   is   a  device   for  demonstrating  prbbab'ili  tie's  .  ^  Its 
closely   resembles   the  game   the  children  have  been  playing  and 
receives   its   name   from  the  hexag/^nal  ^hape  of   the  pathway  seg- 
ments.     ('Comparable  pathway  segments   in   the  f^r^^ceding  game  were 
rhombo^e^ral . )    ^At   the  top  of  the  Hexsbat  are  many. tiny  balls 
which  can   fall   together  through  a   funnel   into 'the   various  pathr 
wa^s  .  *  There"  is  one  ball   of  a  different   color  sp  it   is  possible 
to;consider  the  des' t ina t ionl^oi  a  single  ball  apart   from  the 
o-t|iers.     When^  ^^l^^  fall,    t|ie'  balls   form  a  symmetrical  disttibu-, 
tibn  at   the  bottom  of   the   device,    like   the  one   the  children 
observe'd  on  their  histograms  t  '      '  -  .  ^ 

,  .  -  ."^^ 

Children  are  ^generaHV^ery  enthusiastic  about  this  activity- 
a'ni^  it   is -well  worth   the   small   expense   involved  in  obtaining 

^  report  of  one  ±eacber.  who 


at^  least 


a-few.  of  them.     Here  is  the 


used  the  Hexstat: 


ERLC 


The   children  had-  no  dif  ficuTty*  linders tandj.ng  that  ,at' 
each  fork  a^ny  ball  could  move   either   tfp .  the5  right  or  ' 
left  and   that  there  was  an  equal  chano^  that.it  would 
move   in  on^  of   thfese   two'  dijrections.     Wie^  comparted  this 
with  the   toss  of  a, penny,    where   the  possibilities  are 
tlie  same  .  ,     -     ?    •  1       '  ,  ' 

k  '       ,  ' 

I  ask'ed  ♦them  wha*t  would  have   to  occur  In  order   for  a 
ball   to   land  eventually  in'  either  •  the   far   left'  or, far 
];ight  verti.cal  column  at  the  bottom  of   the  Hexstat. 
Most   children  were  able^to   see   that   it  would  have  to" 
move   in   the   same  direction  at   each  of  ^  the   eight  'forks 
in  its  path.     When  asked  hov*  this  -w^l^ ,  compare  with 
a  coin  £oss^   all  could  see   that  it  would  be'  comparable 
to  tossing  8  consecutive  heads  or   tails,  .whicli  would 
be  highly  improbably.'  ^  '  » 
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The  children  weVe  qui te > interested  ia>  the   fact  that 
although  the  balls   seemed   to  be   going  ev^ry  which 
way,    the  overall   result  was  always  an  orderly  dis- 
tribution at  tA\e  bottom  of  the  board. 

Their  attention  w^s  ^drawn   to   the  bV^ss   colored  ball 
in  the   collection.      They  wexe   asked  to  ^ip'  the  board 
so  that  alljthe  beads  went  into   the  Reservoir  and 
'to  locate   the  brass  ball.      I   then  asked  them  if 
they  would   like   to  predict  the, path  it  would  take. 
There^'was   an  almo-s t' pnanimous   "o'h,    no"  respoVse. 
fhey  ob,served  'several   falls  of   the-  balls   and  ooted- 
the  channel   in  which?  the  brass  ball   landed.  AlV 
the"  children  seemed  jto  understand   that   the  great.est 
probability  of"  its   iknding  w'ould  be   toward  the  center 
and^the  least   toward^  the   ends'.       "  '  ' 


\ 


)'0W'- 


Be  alfert  to   the  possibility  "that  some  ^h,i.ldren  may  abta.in  lop- 
sided  Tskewed)   p(atterns  when  th^^^exstit  card  is   tilted.  You 
may  wish  to   r.un  a  qu^ck  t« a ve l.e^HJ^ game  with  4  R's  and  only  . 
2  L's  on  the  spinners^,  'to  ^sh'ow  a  similar   "tilt"  effect. 
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) 

Activity  4      The  Record  |)f  a  Geiger .Counter 


The  /purpose  o^-the  concluding  Ac tiyi tie^S^^n  ^his.  se"quence 
to  help  the  children  realize  that  cjrder  can  b4  brought  out  of 
random  events  not  only^in   "games"  bjat  also^  in  nature  itself. 
One  examtple'of  rancfomne^  in  natfure.  are  the  events  ^i?ecorded  by 
a' Geigerlcounter  /  /^he  ch^ildren  coiint  the   clicks"  produced  by 


the  •  countjer  at  5- 


J/  10-^,    20-   ,   604   ;   and  120-^con^  intervals/'^ 


When  coudted  in  very  short  J^ntervais ,  the  .data" se^ 
otic  and/unpredictatle ;   pirOTi^ctabl^  behavior  is 


to  b^  cha 
obtained  when 

the   siz^  of  the ^sample--that  is,   the   time   interval--is   in-  * 
creased:     When  they  make  his to^grams  of  th^ir  data,    tfjey  find 
that  the  data  gjiadually  converge  on  an  average  number  of  coun-ts 
per^minute  which  cannot  J^e  predicted  fo^  the.  smai^ler  time  intWr 
yals  but  ca'n  ^for   tt/e  larger  ones. 


MATERIALS   AND  EQUIPMENT:  ^  .       ^  V  / 

1  *  Geiger  counter  or_  a  prepared  |tape   i^ecording  oft::;aGeiger 
I       counter  and  record'er    (see  |>riepar action  'for ^eachin^f^^ 

1     clpck  with  swee|3^  second  ha|id/   or  >a  'Sto'p  watch 


-7 


Fori  each  child: 

1  Worksheet 


V--4 

giece  Jhf  graph  paper, 

11  ■  .  . 


er 


\ 


PREPARATION   P(3R  TEACHING: 


For   this  ♦activity ,   you  wiH  either  need  £o  borrow  a 
C9,unter  or*make  a  tape  Recording* j:>f  one!  -"-  If  you  Ica'n  arrange 
to.  borrow  a  counter,   ask  the  lender  how  to  adjusyc  the  voltage 
of.  thej  instrument  so  that  between  l.O'  and  20  clircks  per^  minut^ 
are  h^rd.     If  the  'cli^cks   occur  more  i:apiai.y  tihan  20/itHLn,,   the  ^ 
children  will- not  be  able   to  count  somfe  of  them  that  come  r^^her 
close  together,'     If*the  .r^^e,  of  cllckis  is   sloVer^^^thk  chi-ldr.en 
wiil  l^e  interes t^ur ing^some  pf  i^he  longer  peWibd^  of-  tiijtie  ^ 


it  "Is  not  ipossit?!^  5.0  borro-W-J^ 


ERIC 


wh^a  nh  clicks^a<e  gAoduck^j^,     l^  i 

a  Geiofer  cou-nter,   arrVnga/;/tp  have  a  ^^pe  recording  a'f  the 
clicK^  made^  '  (Some,  teachers  pre-'fex  to  use   a  tape  recording  of. 
the*"  count er*^ven  if  they  could^  bri^.g   it  intjo/tha,  classroom*  be- 
•  caSs^the  chiudren  afe>yS'o/ ^curious  about  th^^knobs,  ;neters  ^nd'* 
lights  ^c3n  the  pfunt.er  tWt  ^t*^ey  become  distracted  from  the 


370 


r 


J. 


\ 


1 


7 


MINISEQUENCE  V/ActivitV  4 


central  -purpose  'of  the  Activity^  A  simple  cassette  recorder 
can  be  used  to  record  the  clicks  for  ife  minutes  and  th^en  play 
them  back .  '  '  '  '  ' 

.  .  (  ■  .    '  ■ 

is   not   possible   even  to  obtain  -a  -Geiger  coun£er  to  make  a 
tapC^  recording,   you  can  make   a  tape   recording  withou-t  one  using 
the   char^  on  pages  48*9   and  491   at  the  back  of  this  (Suide.  Sim- 
ply te^  out   the  pages,   as  with   the  Worksheets,   and   tape  or 
paste  them  together  to   form  a   single   sheet.      The   chart   is   ^  •  , 
visual   r^respnta  tion  of  data  obtaineci  from  an  actual '  Ge  igef 
c6unte^-the   dots   represent  the   random  clicks.     With   the   chart,  . 
use   thd   fo^^lowing*  procedure:  »  *      ,  ^      '  , 

1.  Choose   a   location  near  a  large   clock  with  a  sweep  second 
•hand,   or  use  a   stop  watch.  -    .  - 

2.  Set  up^the   recorder   so   it''^is   r^ady  t5o   record.      The  micro- 
phone  should  be  placed   several   in^he^   from  where   the  noise 
or   click  will  be  made.        *        '  i  ^   

3.  Hold  a   noise  maker   in  one  hand.      (A   sharp,    clear,  distinct 
^  click   is   desired.      Th^s   is   obtained  by.  hitti,ng  together 

two  objects.^  Examples:      a   spoon  *'fftruc1c7^gainst   the  desk 
top,  "one^  darge  inetal  .washer  struck  against   a  second  washer 
on  -t.he  .desk,   etc.  .  The   striking  motion  mast  be,  easy  ^hd* 
^         done  witho'U|t   looking  with  only  one  hand.)      The  index/ 

J^inger  of  the'  other  hand  should  servo.*  as   ajplace   indi-  , 
cator  on*  the   time  line  of   the  chart. 

4.  ;lt   is   necessary   to  watch  the  c'lb^bk  and  follow  the 
^dine   on   the  .chart  at  *the   sam^    time*.      Practice  running 

your   f  linger  ^  across   the   time  .line  whi  1^.  watching  the 
clock.      Ydur  finger   should  cover  a  se^ort^l  on  the   time  ' 
line  while'the   clock  moves   a  second.      Wh^  yo'u  come  1:o 
a>  mark  on  't  he  •  t  ime  '  1  i  ne  ,   pr'odtice  a  click/with   the  noise 
maker.      For   example,   a   click  wouTd  be  m/^e   at,l  sec, 
.   5'  sec,    7   sec,   10  sec,   12   sjec,    15  •sec,\etc. 

^^5^    You  are   noy  ready  to  make  a  practice  ,tape.     Turn  on  the 
recorder, and  actually  record  for  a  minute  or   sq  accokdr 
*  ing  to   th,e   above   inst/r'uc tiins-.  • 

■  ■  ■  '  /■  ■ ^'  J 

.6.      Play  back  what  you  ha^ve   recorded   to-malT^  certain  every- 
thing  is  O.K.'       *  /  ^  .  ) 

7.    .If   you^ajca   s  a  t  i  s  f  i  ed  yWi  th  what|^bu  have  recorded,  you 

are^  r^a^y  tp  proceed  with  the,  Actual  ^  recording..     Start     *  ^.,v-*'" 

_at   the  Very  beginning  ot  the.  time  line.     When  you   

reach'  the  end  of  a  minute,    go.  right  ahead  with   the  -  ,      "  / 


r 


seeond  .minute*,    etc.  ' 

Continue  the  process  for  15  minutes..  If  you  wish,  you 
can  have  rest  per iods  d^u^ring  the   15-minute  interval  by 


V 


•E^' ..  •'•  ■  (  3So' 
^  - 
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turning -off  the  recorder  at  .the  end  of  any  given  minute. 


ALLOCATION   OF  TIME: 


.The  childten^ will  n^ed  i-1/2  to  2  hours  -to  complete  this 
Acf?ivity. 


TEACHING  SEQUENCE 


1.      Either  bring  out  the 
Geiger*=*  counter  and  adjust  the 
voltage  so   that   there  are  be- 
tween  10  and   20  clicks-per 
minute ^or  turn  ort  the  tape  - 
"so"  tlTat  thf  children  can  hear 
the  clicks.*    They  should  lis- 
iSen  to   them  f6r  a  minute  or 
so .  .       '      .  . 


.  COMMENTJ^RY 


If  you  are  using  an  ci<j*tual 
counter,    let  the  children  obr 
serve  and  get  used  to  trhei  in- 
strument  before  you  start  using' 
it   in  "the  Activity.      If  ypu     '  - 
are^  u^ing  a   tape,   explain  fipw- 
it  was  made.     Note,*  how^^ver,  " 
that^the  ptirijose  of   th^  Activ- 
ity i^   not   to  get  I'nto  a  dis- 
cussion of  radioactivity  ox 
■  GeiO[ej?  counters.  ...»  * 

A'Geiger  counter—which  is 
namiad  afte^*  Hans  Geiger,  a 
"SGerman  physicis t--consists  of^ 
y  gas   filled  tube  and  associ- 
jated  electronic   equipment  used 
to  detect  and  repord  n\>clear. 
radia*t'ions   such  ^^s  cosmic  rays 
Ji  or  other  subia tomic  "part icl es  . 
It   is   a  perf ectly'-^arml^ss 
instrument  .which  records  the*"^ 


so-called  ."badlj|round"  ra^JLa- 
t.^on  even*  when  the*re  is  no 
radioactive  source  near  the  ' 
counter.     The  sounds  produced 
are  caused  b^  radiation  tha't 
'comes   down  .through  the  atmo-. 
'sphere  ,   ca^l I'ed  cosmic* radia- 
tion,   as  well  as   tjie  rauiiation 
from  "^mall  amo^unts  of  naturally 
o'cGUJfinIg  .radioac tive^mciteri^ls 
in   tfie  ^rc^und,*  'in  building 
materials ,    etc.     Whenever, one 
of  tihese  pajrticies  with  Suf- 
ficient  energy  passes  through/ 
the   count:er|,   a  noise-  pr  'cliqlc/ 
is  pro'duced  in'  the  loudspeaker. 
Since  their  time  of  arrival  i^s 
comple.tely*  unpredii tafe^l  e  ,  t4ie 
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TEAXTHIN-d  SEQUENCE 


Do  you  observe  any  pattern 
%^  to  when   the   clicks  occur? 


COMMENTARY 


*  clicks  on  the   tape  ar^  random. 
Two  clicks'  could  come  very 
close   toge'ther,,  or  there  might 
<^         wucii   uuc  <jj.j.<ji^t>  ^^^^^^^  be>a  time  Interval  of  10  or  < 
How  many  clicks^  do -you  think*^  15  seconds  between  clicks,.  ^ 
th^re  are  per  minute?  .  There   is  'no  observable  patb'e^ri 


Previously  n;h"e  children  have' 
found  that  a  pattern  does 
exist  if.  one   considers  a 
-  large  number  of  -randpm  j^ventfe  . 
Suggest  that   they <count ^ the  ' 
cliqks  'oy^r   longe'r  *intervals^. 
•of   time\to-see  if  the^  can-' 
make 'a  prediction  on.^hat 
ba^is.  '         '         \_  _ 

•4  ♦ 

They  dould  s"l;art  by  cou^ting'^ 
•  the   clicks  over  several  5- 
se^ond  intervals.  ^Distribute' 
Worksheet  V-4  and  show  the 
chi  Idrep^hovf  far  the  se'cp-nd 
hand  orr^the  clock  has  to  move 
for   5  seconds.     Tell   them  they 
must  decide  where  qn  the  clock 

^  they  are  going  *to  S'tart  count- 
.ing.     When  the  second  hand 
gets  to   this  place-, ^ay  the  ^ 
12   or  the  6,    they  sh'ould  start 
to   count.     The^ nupbe^  of 
clicks*  they  hear   in   th^   5  * 
seconds  widl  be   recorded  in 
'the   third  column  bn   the  Work^ 
sheet.     They  bay  hear  no  \  . 

#    clicks  or  perhaps  as  many 
as   3'of  4   in  this-  time>  i^nter- 
val  .  ^.  ^  ^ 


The  children^are  now  read^  to 
take  their-  data.     ^hey  will 


It  will   help  che  children  if 
you  turn  on  the   tape  r'ecdrder 
and  go  over  these  steps  witft 
them.     When  everyone,  seem-s' lo 
have   bhe   iplea,   you  might'  help 

^them  get  started  by  doing  the 
first  5-second  interval  wit^ 

.them .  .     ,  -  ^ 


It*n^'-ght  Kejk^p. ^measuring  the| 
various-  time''  intervals  if  you 
or  a  child  ^erve  as  a  time- 
keeper.    The   timekeeper  would 
watch   the^  clock  and  give  a 
signal  when  the  time,  interval 
begins^l^hd  ends  .     J*or  ins  t  a^ice  , 
he  or  she   could  say  "st*a*rt;" 
watch   for  ?  seconds,    say  "stop 
and  record, "   then  'pick  up  on 
the  next  multiple)  of^  5. 


ERLC 


r 
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WORKSHEET  V-4 


TRIAL 


"Name: 


TIME    INTERVAL  . 
('Sec) 


NUMBER  OF  ^ 
COUNTS 


MULTIPLY 
BY 


CALCULATED 
COUNTS/MIN, 


1 
2 
3 
4 
5 


8 
■9 
10 
11 
\2 


5 
5 

•  5 
5 

'  '  5 


.12 


60  sec=l  min. 


1 
2 
3 
4 
5 
6 


10 
10 
lO' 
10 
10 
I'O 


/ 


60  sec=l  min , 


1 

? 
3 
4 
5 
6 


1 

2^  . 

3' 

4 

6  V 


20  * 

20 
20 
20 
20 
20 


^  3 


120  sec  =  2  jnin. 


60 
60 
60 
60 
^60 
60 


300-  sec  =  5  min 


1 

2. 

3 


120 
120 

120  , 


1/2 


360  sec  =  6  min , 


AVERAfSE    COUNTS/MlNU;rA   ^   TOTAL  COUNTS  '  FOR  ALL   TRIALS  ^ 


ERLC 


TIME    IN  MIN.    FOR  -ALL  TRIALS 


0(^  0  -  , 


MINISEQUENCE  V/ACtivity  4 


TEACHING  SEQUENCE 


need  to  make  counts  of  clicks 
during  1^  different  5-second 
intervals.     .There  should -be  ^ 
a  break  between  intervals  to 
record   the  resultfs. 


Repeat   the   sime  proc edure ^' f d:^ 
10-  s'e CO nd^-^ZQ^ second  ,   I-.min-' ' 
ute ,  "and  2-ininute  rntefrvals, 
as   indicated  on   the  'Worksheet. 


On  the  b%sis  of  tbe.cotlnts. 
heard  'for  a  particu  l|.r 
interval,   how  many  would 
be  heard  in  a  minute?  For 
instanc^e,    if   3   clicks  were, 
heard   in   5   secands,  how 
many  do  yo'u  calculate  would 
be^he^rd  in  a  minute? 


Samp,le  data  and  calcuX 
are  shown  on  the  fille 
Worksheet  on  page  376. 


ions 
in 


/ 


2;.     The   next  job   is   tof  gra^ph  , 
the. data,.   Pas^  dut  a  sheeg^ 
of  graph 'paper  to  eac^y•chi>(^ 
^nd  ask   them  to  j/iake  five 
histograms,    one   fo^  each  /of . 
the   dif f erent*.time  intervaj.s.. 
The  h'orizg^tal  axis   can  be    .  ^ 
•labeled  Ca3^ulated  count s /ml fi . 
an^  the   ve^-ical  ScxXs^  No.^of  ^ 


•sec 


valsA  No,   of  10-sed 


intfervalg ,   etc."i[The  calcru- 
lated  data  for  each  interval 


•    „  'C0MMEIJ5>ARY 


Some   children  requi re   time  to 
shfift  their  attention  from 
counting  to  recording.  The 
el^ps^d  rest   interval  willk*  not 
matter  so  fa^  as   the  data  are 
concerned 


If   the   tape   runs   dut^  rewind  it 
and  start  it  over  -a^t^^'he  begin- 
ning.     If  you  are  using  a  Geiae 
coant^r   i-tself ,    the  adjustmelits 
must  'not         changed  during*the. 
activity       If   they  are,  tha 
data  cannot  meaningfully  be  ,  * 
compared  bec^ause   the  average 
counts/mij^  will   have  changed. 


"I 


There  -would  be   3   x,  15  =  36 
'counts  per  minute.     The  twelve 

is  u^ed  as  a  multiplier  be*catisfi 
*the*re  af^  .twelve   S^second  ^ 

intervals  .ip  60   seconds  fa 

minute )  •  '  A'  *  '       •  >  - 


The,  number'^   t*o  be  used  as  , 
m)il  t  iplie.rs   for  the  o^ther  * 
time   interv,al3  are^  indicated  . 
ih  the'  4*h  '■'coljmr^  on'th^  Work- 
she  e't.    .Using  €hese^thd  chil- 
dren s'hbuld  .  complp^  the_.  lasjt 
coFumn,    Calculated  counj 
minute .      /  ^ 


\ 


Using  a  grid  on  the  chalkboard, 
or  overhead  ]5rojector,   help  the 
children   to,  setvup,   nuinber  and 
label  their  a^es  .r  .The  'number-,, 
in^  of   the   axes  wi 11; depend  on\ 
the  da«<:a  'ob^t.ained.    ^B^e  sure^ 
they   include  0  (Calculated 
counts/min.)   pn  the  horizontal ^ 
axis ,     "  "  ' '        .  ' 
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WORKSHEET  V-4 


TRIAL 


TIME  INTERVAL 
(sec) 


5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


60   sec=l  min, 


10 
10 
10 
10 
10 
10 


60  secf=l 

20 
20 
20 
20 
20 
20' 


mm 


120   sec=2  milt. 


Name : 


NUMBER  OF 
COUNTS 


3 
I ' 
I 

3 
I 

0 
0 

/ 
/ 

1 

'l 


2 
3 
Z 

/ 
/ 


l_3 

6,' 

3 

4 
6 
(> 
S 


30 


'MULTIPLY  " 
*  BY 


CALCULATED 
COUNTS/MIN . 


12 


3t 
l^ 

9 

II 
o 
o 
IZ 
12 
Z'i 

12 


12 
18 

6 


/8 
/2 
/8 


60 
60 
60 
60 
60 
60 


300   sec  =  5  min:/ 


120 
120 

.12  0 


360   s'ec  =  6 


20 

33 
32 


'  1 


1/2, 


mm 


^  20. 

17 

/2 


15" 


jAVERAGE  COUNTS/MINUTE   =   TOTAL   COUNTS   ^OR  ALL  TRyKLS 

.     TIME   IN   MIN.    FOR  ALL  TRIAL'S 


r5 
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TEACHING  SEQUENCE 


can  then  be  filled  in.  The 
h'istograms  on  page  3  73  were 
made  using  the, data  on  page 
376  . 

* 

If  they  have  not  already  .done 
so,    ask  'the   children   to  deter- 
mine  the  average   number  of 
counEsTminut e  for  the  entire 
activity   at    this   point.  This 
.is   done  by   adding  all  the 
clicks   recorded   in  ^the  data 
table  and  dividing   it. by  the 
total  time   tha.t   the  clicks  ^ 
were   counted,    15  minutes: 


COMMENTARY 


/ 


This   total   time   is   the  total 
*n umber   of   seconds   during  which 
Qlicks   were  *  <:oun  ted  ,    not  the 
elapsed   time   ^or   the ^ act i vi ty . 


ERLC 


AVERAGE  COUNTS/MIN. 


TOTAL  COUr/rs  JFOR  ALL  TRIALS 
TIME 'IN   MAn:    for  all  TRIALS 


Have  the 
vert  i ca^ 
for   tlye  value 


en  draw  a 

.the.lr  graph 
of   the  aver^ige^^ 


cbun tfe/minut e  they  .calcu- 
lated.     This   line  .would  be 
drawn  at   15.9  on   the  histo- 
grams on  page  378. 

•  Where   does   the   averag.e  line 
fall  with   respect   to  the 
data  on  each  of'the  histo- 
grams? 


•  For  which  tim,e  interval  was 
the  variability  in  the  data 
the   greatest?    -The  least? 


S uVpo se  a   series  of  t. rials 
was  'made  Wh^re   you  coun^ted' 
clicks   for   5-minute  or  ev,en 
10-minute   intervals   and  * 


This   line  could  be  drawn  in 


ThQ   average   line   falls   in   the  * 
midst  of  all   the   data.  How- 
ever,   it  *is^  very  noticeable 
that   the   data   seem  to  converge 
on  the   average   as   the  length 
of,.tha  time  '  interval  increases. 

The   greatest   variolation  i^i  th.e 
'data   was   for   the   5-sec  time  ^ 
intervals.      in   the  data  on' 
page  376,    the   range   in  the 
calculated   counts/min.    for  that 
interval   was   0   to   36.  The 
least   variatio^n  was   in  the^ 
data   for   the   longest  time 
interval',    120   seconds,     ;rhere  ^• 
the   range  was   very,  narfow.  ^, 

It  could  be  pr^dict^d  with  ^ 
confidence   that  data   fot'  5^ 
itfinute  and   10-minute   inter-  * 
vals   would  pileup  tightly 
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ERIC 


TEACHING  SEQUENCE 

then  calculated   the'  counts/ 
minute   from  these.  What 
would  you  predict  about 
the  Ipcatibn  o.f   the  columns 
if  you  made  a  histograjn 
o  f  '  t he  da  ta  ?  . 

•  In  what   sense   is   there  a 
pattern  as    to  -when  the 
^clicks  of  the  Ge/ger 
counter  occur? 

This   Activity  provides   a  vety 
good  example  of  how  natural 
events   can  be-  predicted  only  • 
'on  a   statistj.cal  basis.  Con- 
versely,  only  When  one  studies 
.individual   or   small  numbers 
of  events,   does   the  random 
character  of   natural  phenomena* 
become   evident.      In  the  next 
Activity  the   children  will  < 
investigate  another   type  of 
natural  phenomenon:  feye 
^olor   in  house  flies^ 


/ 


COMMENTARY 


around  the  'average  line  since 
the  varia^bility   is  all  but  ' 
gone  even   for  S-minute  inter- 
vals., '  ' 


.  Although   it   it   impossible  to 
/predict   accur^atfely  how  many 
clicks  will   occur  over  a  * 
short  time   interval,    it  is 
possible   to  make   an  accurate 

,  predictipn  over  'longer  ,time 
intervals,'  sin  other-  words'^ 
th,e   random-  unpredictable  ^ 

'  occurence  of   individual  clicks 
becomes   predictable  when  large 
numbers   of   them  ^are  taken  into 
account.      In  effect,,    the  lon^gej 
time  periods   represent  prog- 
ressively   larger   samples ,  and 
the   children  .have   learned  in 

^  earlier  grades   of  COPES   that  • 
.a   larger   sample  provides   a  ' 
better  ba'>sis  -  for.  pre  diction 


\ 


than 


a  smaller  sampl^^. 


v.- 


V 
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^     '  '  \ 


Activity  5      Eye  Color  in  House  Flies 


.In   this  ActivitV/   the  idea  of  r  ar^doinn,es  s   is   carried   forvfiard  into 
an  application*  of  a  biologlical^nature ,   the   inheritance   of  eye  • 
color  in  house  ;flies.      In  /addition  to  th-e   random  process,  a 
property  called  dbmin^ncelis  also  apparent,  in  the  data  presented, 
and   the   children  are   led  ^to  discover   and   label   it«      In   the  house' 
fly,   the  inheritance   of  .eye   color  displays  a   simple  patte^rn  of 
dominance   in  which   the   cross  breeding  of  purebred  red-eyed  and 
purebred  white-eyed   flies  yields   all   red-eyed   flies'in  the\ 
f  i^rst  « ge-ner  ation .      By  analyzing   data  onj-such   a   second  gener\-*^ 
tion  population,    the   children  observe  *  that  the   ratio  of   redA  n 
eyed  to  white-eyed-  flies   is   about  3   to  1.      (In  an  Extended  \ 
Experience,    information   is   provided  on  how  the   children   can  \ 
crossbreed  house   flies   and  produce  such   data   themselves.)  Using 
,  r^d  and  white   discs,    they  develop  a   genetic  model  to  explain  ""''^ 
why   there   are   no  white-eyed  .  flies  in   the   offspring  of  the  first/ 
cross  breeding  and  how  a  process   of   s imp le' random  selection 
could  yield  such   an  arderly   patternx^of  3   to   1   in   the  second 
generation.  * 


/ 


MATERIALS    AND   EQUIPMENT:  •  <• 

For   each  padr'of   children:      '  • 

'  *  • 

8     transparent   red  discs  or   squares,   e.g.;  cut   out  Of  red 
acetate* 


6     transparent    (clear)    discs  or   squares,   e.g.,    cut  out  of 
clear  acetate  *  " 

2     opaque   cups,   or  small  paper  bags 
/  '  * 

1'    Worksheet  V-5         .  -  • 

1     Workshee^t  V-6  *  ^ 

1     Worksheet  V-7  (optional) 

Housefly  pup^ae  and  associated  a{)paratus  f  or"  cultujang  ^ 
and   crossbreeding  housef lies  (optional) 

*Some  poss  ible '  subs  ti  tytes   for  the  red  «and  clear^discs  orlsqu^res^ 
are  poker  chips tiddly  winks,   buttons,    etc.      It  {is  preferable'  / 
that  they  be   transparent,   but  not  absolutely  necessary*  "^The 
discs  t5r  scjuarjes   for   any*given  pair  of  children   should  'have..  ' 
the  same  size   and   "feel,"  however,   so  that  no  differejvce  .'between 
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them  jcan  be 
acetate  are 
stores . 


discerned  during  the   random  selection.     -Sheets  of 
gene.rally  obtainable   at  hardwa^re   or   "Five,  and  Dime' 


REPARATION   FOR  fTEACHING: 


Uhless  small   red   and   clear  discs   or  «$quares   are   available;  you 
will   need  to  prepare   them  ahead  of  time.      A   few, of  the  'children 
c  in  do'*this   job.  ^  Acetate  is   flexible  and  can  be   cut  with  scis- 
sfors .      (Squares   are   easier   to  cut  out   than* circula^^discs . ) 
Bfairs  of  ^^que-  cups   or^bags   should  then  be  prepared.     Six  red 
^^nd  six  cle^  di^cs   or   squares  will' be  distributed  with  e.ach 
'air  of  cups. 

^  •  • 

AL*b<K:ATION   OF   T^ME  : 

The   chrS4^n  will   need   2   to   3  liours  ^to  .complete   this  Activity. 


T5ACHING  SEQUENCE^ 


1.     Unless   you  have  or^lered 
house   flies   from  a  laboratory 
ahead  of  tiVie,  -ask  the  'chil-J/ 
dren   to   capture   some  flies 
before  beginning   this  ^ct;iv-\ 
ity--perhaps   the   day 'before^. 
They   should  observe   the*  flies 
carefully,   preferably  '  i.n 
natural  light. 


Whaf^color,  arev^the 
eyes? 


flies 


/ 


COMMENTARY 


Of  caursey'  it  may  not  be  the 
''^season"   for  hou§e  flies.' 


\ 


Wild  -'type  house   flies  have 
large  red  eyes  which,  may  ap- 
pear 'brownish  in  artificial 
light:-^*  White-eyed   flies  are 
.very  rare  in  wi Id  popu lation s . 
However,,  they  have   been  found 
and  bjred'  in   laboratories.  If 
the   Cftli  Idren  •  can  ob*serve  , flies 
ordered   from  a   supp(ly  house, 
they  will  see  both   eye  t:olor.s. 

jDuxijig  their  initiaV  observa-' 
tipns*,   some   children^may  be 
.interested  in  distinguishing 
m^le   flies-  from  females.  The 
most   rel^l^able   single  way  .of 
telling   thfem  apart   is  *"by  ex- 
amining  the   spacing  ^between 
♦tlie  *eyea.    -The  eyes  -of  the 
female   fly  are   spaced  widely' 
apa^rt  while   the   eyes  of  the 
male  almost   tou'ch  one -aijo ther 

'     /  *  .  381. 
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MINISEQUENCE  V/Activity'  5 


TEACHING  SEQUENCE 


ERIC 


What  would  you  expect  would 
be   the   eye'  color  of   the  'off- 
spring of  a  cre'd -eyed,  female 
and  a  redreyed  male?     Of  a 
white^eyed  ^female  and  a, 
white-eyed  male? 


V 


.Tell   the^^  children  thaj:  in  the 
laboratory   it   is   possible. to- 
hr  e«  d  r  e  d  -  e  y  e  d   flies   w  h  i   h' . 
pToduce  only  red-eyed  off- 
Sicpr lag- over  several  genera- 
tions and  white-eyed  flie.s 
which  produce  Qnl^C  ^h  i  te- ey^d 
of f spring. over   several  genera- 
tions.        .  '  ' 


Supjpose  one  of  thesewred- 
eyj&d  flieslwer*^   to  mate 
with  one.  of  these  'white- 
eyed  flies.     Wha't-tdo  ycJu 
predict  woul^d  b*e'  the  eye  - 
coTor  of   the  o f ^Vpi: ing?* * 


Di-str,ibute  Worksheet   V-5.  A^k 


COMMENTARY 


forming  a   "V",  at   the'  top  of 
the   head.      In  addition,    the  tip 
of   the  male's   abdomen  h.a«  a 
black  patch  on   it;    the  female's 
abdom^Ti   is   more  pointed  with  a 
single  pore   at   the  tip. 

Most   cliildren*  wrll  probably  ^ 
expect   that   red  will  beget  ^ 
•red^and  white  will  beget  white.,^ 
Discuss  "i^n  general   ter^^n^  t^^hat 
children  also   have  character- 
istics  that   they  ^inheri^t   from  - 
botK  their  parents.     That  is, 
they. tend  to  be   like  their 
parents   with   respect  to  eye 
color,    hair   color,    height,  ^nd 
other   features.      Some  may  sug- 
gest -the  gene   as   a  transmitter. 
However   this   terminology  is  n(^t 
essential   tcj   the  discussion. 
The   emphas  i  s\shoul/d  be  that 
s  o  m  e  t  h  i  n^  c  a  rFi'fe^  the  m(essage. 

You  might  want   ta  explain  that 
the  children  of, 'a  given  set  of 
parents, are   referred  to  as 
their  offspring  or  as'the 
^' first   generation  They 
should  also   i:tnder stand  that 
the   "second  generation",  VQULd 
be   the  grandchildren. 


Here  you'may   receive  all  kinds 
of  predictions--including  pink' 
eyes   and  one   r^d  eye  and  ooe 
white  eye!      Accept   all ^ sugges- 
tions. 


38^2 
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WORKSHEET-V-5  '■  . 


Name : 


Table    1:      A^^FIRST   GENERATION   POPULATION   OF   HOUSE  FLIES 


Red  Eyes' 

White  *Eyes 

Totkl  * 

Male 

50 

Female 

.  'A 

Total 

100  ^ 

'  3.;oo 

Tabl^    2:      A-  SECOND-  GENERATION   POPULATION   OF    HOUSP  FLIEB 


Red  Eyes 

White  Eyes 

Total  ' 

.  Male. 

3  ,  750^ 

5;ooo 

Female 

Total 

7,500 

,2,500 

A  RASIDOM  sample    of   100    FLIES    FROM   THE  SECOND 

GENERATION*^ 

V 

Red  Eyes 

White  Eyes 

Tptal  - 

Male 

3  4 

48 

Female 

36 

.16 

52 

Total 

70  ' 

30 

100 

Table    2b:      A  SfiCOND   RANDOM   SAMPLE  0*F   100  FLIES 


Red'  ^es 

Whit$  Eyes 

Total'  ' 

*  Male 

) 

•  13 

51 

Female 

Total 

.74 

100 

*rable    2c:      A   RANDOM   SAMPBf]    OF   20   FLIES    E;R0M   THE   SECOND  GENERATION 


,    Red  Eyes 

White  Eyes 

Total 

Male 

7 

10 

Female 

^  Total 

13 

^  20 

'Table    2d:      A  SECOND    RANDOM   SAMPLE   OF   20  PLIES 


y 


r 

Male' 

Red  Eyes 

Wh^te  Ey§s 

'Total 

4' 

•Female 

Uotal/ 

.    ••  "18 

—  

.  20 

ERIC 


392. 


38. 


MINTISEQUEJ^CE  V/Activity  5< 


TEACHING  SEQUENCE 

them  to  look  at  Table   1  which 
shows  the  eye  color  of  a 
first  generation  of  house- 
flies  who  had   such  parents. \ 


How  many^femalV  flies-  in 
first  generatio}n  had  red 
eye3? 


th 


Ask  the  children  to  ^ill  in 
the  space  on  the  W.ork^heet  > 
accordingly  . 


•  What 


was 
of  whifce 
first  generation? 


the  total 
eyed  flie 


/ 

numbe  r 
the 


^  in 


2.     Now  ask   the   children  to 
look  -at   Table   2  6n   the  WtDrk- 
sheet.     This   table   shows*  the* 
eye   colbr  characteristics   of  • 
the'^-second   generation  of  hous^ 
flies  . 


Help  the  children*  complete-  the 
bj-.a^ks   in  Table  2. 

•  H6w  many   f li-es  had  red  eyes 
in   the   Second  generation? 


ERLC 
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COMMENTARY 


Note  that   the  Table   shdws  what 
is  not  obtained   in  such  a  cross, 
as-well  as  wha^   is  obtained.  . 
Such  offspring  never  ha-ve  one 
red  and. one  white  eye  or  pTnk 
eyes.     These  ai;e  not  unreason- 
able  exp<^tat  io^s  ,  however. 
For   instance,   when  a  purebVed 
white     short -horn  bull"  i-s 
oros-^ed  with -a  purebired  reddi-sh 
l^rov^n  cow,    the  calves   can  either 
be   an  intermediate   roan  color 
all  over  dr  a  sp'ottfed  combina- 
tion of  the   two  parental  colors. 

Since   there  was'  a  total   of  100 
-fliesSl^ving'red   eyes,    and   5  0 
of   these  were  male^,  there 
must  also  have  ,been*,50  red- 
eyed  f  emale^s  . 


A^low  time   for  -the   children  to 
fill   in   the   remaining  spaces 
on  Table   1^     The  data^  show 
that   there  were  no_  white- eyed 
flies',    either  male  or  female, 
in   the   first  generation. 


( 


These   f!lles  are   the^'result  of 
random  matiags  ^kmong   the  male 
and   female   red-eyed  ^flies  of 
the   fi;t:st   geneira t ion  .  'They 
are   the   "gra'ndchi\dren"  of 
th^  two  original  purebred 
red-eyed  and  white-eyed  fli.es, 


According*  to^  the  table,  there 
were  7,500  red-eyed  flies  ajid 
2,500  wTiite-eyed   f ]^ies   in^  th.e 
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MINISEQUENCE  V/Atetivity  5 


TEACHING ' SEQUENCE 


•  How  many  flies  had  white 
eyes   in  the  second  genera- 
tion? 


•  What  £s   the  ratio 
eyeS  flies  t^ 
flies? 


  of  red- 
whit  e-eyed 


J. 


COMMENTARY 


second  generation.. 


Be  sure   that   the  children  see 
that   thi^"  is   a  r'atio  of   3   to  '1  . 
If  necessary,    set  up  the  num- 
bers  as   a   fraction  and'  simplify 
ifc: 

7500  ^  2 
2500  1 

No  attempt  should  be  'made  to 
convey  the  idea  that   the  data 
oh  th^'  Worksh*eets   in   this  Ac- 
tivity are   "real"   in  the   sen^e  * 
that   they   resulted  from  a 
specific,  experim^ent.     They  are 
not.'    But   the  data  are  "real'* 
in  the  sense   that   they  ref^lect 

.what  actually  happens  when 
house*,  flies  with  these  charac-^ 
teiri sties   are   cross  bred--but 
with  certain  $)uilt-in'  numerical 
simplifications,    sii6h  as^  the 
assumption  any  given  pair 

of  flies   produces  exactly  100 
offsprinig.  /  In -the  COPES  labo- 

^•ratory,    red-eyed   flies  iji  the 
first   generation  produced  766 
offspring,    195  of  which  were 
white-eyed  and  572  of  which' 
were   red-eyed.     Thus,    the  r^at^io 
of. red-eyed  flies   to  white- eyed 
fli^s  was   2.95   to'l.  Sucli 

'^results  aJ^e  typical.  While 
is  quite^  possible"*  for   the  chil- 
dren  to  develop  the  necessary 
apima 1  husbandry  techniques 
required   to  culture  flies 
through  thei/  life  dycle  and 
also   to' develop  tUie  techniques^ 
jiecessary   to  cross  breed  them 
and  produce  j^esults   li-ke  thes^ 
themselves  "(see  the  Extended 
Experiences  at^  the  end  of  the 
Activity) ,    the  main  purpose 

^here   15   to  consider  how  such 
olrderly  population  patterns 
can  result   f^-orrt  a  process  of 
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MINISEQUENCE  V/Activity  5 


TElACHING  SEQUENCE 


•  What  would  you  expect  would 
be  the  'number  of  red-eyed 
flies   in  a  sample -of  100 
flies   from  thre  second  gen- 
^  eration?  ' 


Would   this   number  of  .red- 
eyed  flies   be   fojjind   in  any 
100  flies   flrom  the  second 
^genera tipn?  -  .  ' 


If  you  took  many  random 
samples  of   100  flies, 
would  each 


one  of 
h^ave  75%  red-eyed 


them  - 
flies? 


Ask   the   children  to   look  at 
Table  2a,   complete  Tables  2b 
and   then  compare   the  data  with 
their  predictions. 

•  If  you 'took  many   random  sam- 
ples of  only   2_0   flies,  how 
woutd  they  compare  to  the 
larger   samples ? 


Ask  them-  to  com'plete  Tables 
2c   and   2d*  and  compare  with 
the  expectecjc"* 


COMMENTARY 


random  selection. 

Work  a>bit  on* the* numerical 
equivalence  by/  sayin<y  that'the 

*ratiQ  of   2^ed   to  white   is   3  to 
1,   or   3   red- eyed  flids   for  ' 

.every  1   that   is  white-eyed: 
hence ,  ^h e  precent  of  red  is 
75%.     Ther.efore.,   ^ne  would 
expect   7S   red-=eyed, flies  in 
such  a  sampl e . 

No,  'only   in  ^a  randomly  drawa 
sample.     Review  the   idea- that 
random  sampling  means  that 
each   fly   in   the   initial  popu- 
lation would  have,  an  equal 
chance »of  being  selected  for' 
the   sample.  ^ 

No,    there  would  b^^  some  varia- 
tion  from  one  .sample   to  the 
next       Howeyerv    the  average 
O'f  many   samples   should  be  close 
to7  5%red. 


The  ^percentage  of   red-eye^  flies^ 
would  be   even  more  variable; 
i  '  e  .  /   some  s  amples  would*  have 
much  smallei:,  and  some  much 
larger  percentag-es  • The  aver- 
age, of  several   samplei^s,  how- 
ever, , should  again  be. close 
to   75%.  '  • 


^ee  • 
"^the 
data 
th/e 
the 
for 
t  ime, 
var  i 
the 
120 


if^the  children  realize 
aimilarity  between  these 

and   their   finditfgs  in^ 
previqus  Activity,  where 
gre attest   variation  was 
the   shortest,  5-second 
,  interval.    'The  leaflet 
ation  was*^  i^n  the   data  for 
longest   time  interval, 
secojads. 
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. MINISEQUENCE  V/Activity  5 


TEACHING  SEQUENCE 


3.     After  the  children  have 
completed  their^  entries*  in 
.  TaBles'2  through  2d  and  com- 
pared the  results   from  the 
point  of  viQw  of  sampling, 
r^ise  the . following  question 
.if  the   children  have   npt  al-x. 
ready  done  so: 

Why  should  red-eyed  flies 
have   white-eyef3  offspring? 


Elicit   the    idea   that  somehow 
the  white-eyed  char  ac  t  er-i  s  t  i  c 
must  be  ^present   in   the  red- 
eye^ ^flies,    even   though  it 
doesn't   show  up--o therwi se 
it   could  not  be  .transmitted  to^ 
their  off.spring\      Then  suggest 
that"  the*  childre-n   try   to  set' 
lap  a  model   which  v^^^uld  ^show 
how  these  eye*'  color  chara-c- 
teristics  could  be  transmitted 
from  one.  generation'  to  the 
next.      Such   a  .model  'should  ^ 
account  ^for    the  "disappear- 
ance"  of   the  white-ey-ed  char- 
acte.ristic   in  the   first   gen-  ' 
eration-  and   for   the  specific 
ratio  of  .red-  to  white-eyed 
flies  which    is  obs,erved-*in 
the   second  gener^tioji. 

Show  the   dhildren   six  rl^d 
discs    (or  squares),    six  -clear 
discs    (-or  squares)  ,    and  a  pair^ 
of  opaque  cups.-    Suggest'  th&t  - 
one   of,  the   cups   represent  the 
male   parent   and  the   ot;h.el:  the* 
female  p,ai:ent ,  ^    »  ' 

•.If   the. red  discs   represent  • 
•  ^  red-'eyed   fact'qrs  whi,ch  can 
be   passe<l>  on   to  offspring 
and  the  clear  discs  ' 


ERLC 


COMME.NTARY 


Some   childr'en'  may   suggest  that» 
the  white— eyes   a're   "accidents  .  " 
You   should  discuss    this  pos^ 
sibility:      If   th.esje  whi'te-eyed 
flies   are   "accidents,"  why 
shoul,dn't   some   o^^  th^  f'irst 
generation   flie-s  ^ava  had*  . 
white   ey'^s   by  accident? 


Sine  e"^  the 


were 


original  parents 
purebred  rfe4  eye  .(whether  male 
or   female)    a,nd'  purebred  whi^e 
eye    (whether  male  6r   female) , 


6 
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MINISEQUENCE;  V/Activity  5 


TEACHING'  SEQUENCE 


represent  whitef^eyed  fac- 
tors,   how'could  the  discs 

^be  put  in   the   c.up's   to  repre- 
sent  the  original ^white-  and 

^red-eyed  parents? 


•the  six  red^discs   in  one 
and  the   six  clear  di,scs 
the.  other  . 


m 


•  Assuming   that   each  parent- 
coptribXited  characteristics 
to  the  offspring  .at  random,-* 
what  combinations   of  char- 

^  'acteristics  ac^e  f^ossibTe 
in  the  firs ene ration?  * 

Ask  a  child   to  come   up  and^ 
without   looking   into   the  cu'p^ 
mako-  a  blind  selection  of  a 
disc   fro.m  the  cup  represent*.  ' 
iug  th-e  purebred  red-eyed 
parent.     Ask  artother   child  to 
come   up  and  <3o  the   same  for 
. the   cup  representing  the  ^ 
white-eyed  parent.     The  re- 
sults of  'tiieir   select ion-'-b'ne^ 
red  and  one   clear,  disc,  repre- 
senti;(g'  the  characteristics 
inherited  from  these ^parents 
by'one  of f ,spring--should  be 
recorded  on   the  chalkboard. 
The   discs  s'houl'd  'then  be 
returned^  to   their  respective 
cups  and  the   contents  of*  the 
.cups  s haken  . 

Next,   ask  another  pafr^of 
chi'^ldren  to   come  up  and^j  do   '  . 
likewise--blind   select  a  disc 
from  each  cup,    r^^cord  th^ 
r«e suits,   and  retfirn   the  discs 
to  their  respective  cups. 


COMMENTARY 


th^y  must,  have  possessed  only 
red-eye   factqrs   and  only  white- 
.  eye.  factors   respectively.  This 
^situation  cou-ld  be'  represented 
by  putting  all   the   r^d  discs 
in  one   cup 'and  all   the  clear 
discs   in  thfe  otfter. 


It   is'  also  assumed  that  each 
parent  makes   an  -equal  contribu- 
tion.    This   is   indeed  the  case, 


The   selected  pair  of  discs 
should  be  put  one  on *t op  of 
th^. other  and  held  up  for  the 
other  children  to  see. 


Ev'entually  the  *children  will 
realize  that   they  are  not  go- 
ing to  come  up  with  any  other 
combination  of  discs' than  a 
r^d  an'd^^  a  whibe:     .(RW  or  WR)  . 
See  Activity   1<  "Selecting- 
Marbles,"  of  Minisequence-  V  in'' 
Grade   5   for   some  earlier  ex- 
perience with  making  inferences 
ab^t  a  population"  on  the  ^'bas^is 
of  &^,ind  selections^ 

\       •    ,  . 
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MINJSEQUENCE  V/Activity.  ^ 


TEACH  I NG  SEQUENC5 


If  the  first  generation  of 
house   flies  all   inherit  a 
red  atxd  a  white   factor  fVom 
theiy  parents,   why  are  thej 
allredeyed? 


ERIC 


Some  of  the  children  may  al- 
ready have  noticed  that  pair- 
ing  a  red'  and  a  clear  disc, re- 
sults  in  a  red  color.   '  That 
is,    if   the  pair   is  hald   up  to 
the    light,,  it   looks   red,  il- 
lustrating^ the   ide^a  of  dom-  • 
inance.      If   they  have  not 
noticed   this   feature  of  the 
model,   porn±   it  'tut   to  them 
during  'tfiis   d^i sc us s ion ,  ^ 

4,      It   is  ^lear   from  Table  1 
that  equal  numbers  o^  the 
first  generation   flies 'a^e' 
males^and  females.  Using 
the   discs  and  the   cups^  how 
could  we  represent  what  fac- 
tors  the se   flies   could  p4ss 
on  to  their  offspring? 


•  If  we  contirfue   to  have-^six 
discs   in  each  cup,   how  many 
would  be  red  and  how  laaQy 
white?  • 

*♦  •  '  .  *  , 

•  How  could  we  determine  what 
combin-ation  (s)    of  charge-: 
teristics   are   possible  in 
the  second  gen€*4-at  ion? 


Ask   the' children   to  work  in 
^pairs.    'Distribute  'two  opaque 
cups,   6   red  and  6  white  discs, 
and  a  copy  of  Worksheet  V-6 
to  each  pair. 

They  Should  put   3   red  and  3 
white  discs   i'n  each  cupT 
^Then  ,  with  one  child   in  eaeh 


CQMMENTARY 


•  r 

ha^ac 


The   red-eyed  characteristic  is 
"dominant"   in  house   flies  while 
the  white-eyed,  charactter istic 
is* 'described  as  ^"recessive." 
The  children  may  suggest  that 
red   is   "stronger"   than  white 
in  some ' way . 


Since   each  of  the  offspring 
'in  the.  firs^t   generation  in- 
tVerited  one   red  and  one  white 
factor,    this   time   each  cup 
would  contairf  an  equal  number 
of  red  and  white  discs. 


Each  cup  would  contain  3 
ajjd   3   ^ed  discs  . 


whi  t  e 


Hhe   chi  Idreir^^^Tl  p^bably 
suggest  drawi.ng  ,a  disc  from 
each  cup  to  make  pairs  and 
recording  th^^  results  just 
as   th e y  d i b e f o r e 


•  1 
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WORKSHEET  V- 

\  * 

N^me: 

« 

• 

• 

0 

V 

FACTOR   INHERITEfr  FROM 

factor  inhermed  from 

• 

SELECTION 

Female 
Parent 

Male 
Parent 

SELECTION 

Feiua  1  e 
Parent  ^ 

Male 
•  Paren,t> 

1      ^  ^ 

1  1 

• 

2 

1  2 

3 

J.  «^ 

4 

• 

J.  ri 

5 

• 

t  15 

 !  1 

6 

«^ 

16 

7 

17 

^  8  ' 

\ 

18 

9 

c 

19 

* 

20 

• 

7 

V 

*  • 

• 

\  / 

/ 

•* 

KINDS   OF  COMBINATIONS 
OF  FACTORS 

/number  -ot^ 

OF  COW 

EACH  KIND 
BINATION  ' 

EYE   COLO-k^F  THE 
COMBINATION 

♦  '* 

* 

• 

r 

9 

* 

t 

c 

i 

c 

r 

* 

V 

V 

• 

• 

0 
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MINISEQUENCE  V/Activity  5 


TEACHING  SEQUENCE 


pait  being  the  selector  for 
the  male  parent  and  the  other 
child  for   the   female  parent, 
they  should  proceed  to  blind 
draw  20   times   and   record  the 
results  on  the  Worksheet, 
They  can  use  a  capital   R  foV 
the   red  disq   and  a  capital  'W. 
'for   the  white    Cclear)    one.  -  *  - 


COMMENTARY 


After  each   draw,    the  discs 
should  be   returnaxi   to  thei^r 
respective  'cups  so   that  each 
cup.  contains    3   red  ^and   3  white 
dis-c^s   throu^ou-t.   ^  After  each 
return,    the  cup  should  be  /v 
shaken   to   ensure  mixing  of  the 
'discs . 


^ 


A  set  of  typical  data  are 
given  below:- 


1, 

RR* 

•  11. 

RW 

2. 

RW 

-      12  . 

WW 

3. 

WR 

13  . 

WR 

4, 

RR 

14. 

WR 

5, 

WR  . 

ibv. 

RW 

6. 

RW 

16  . 

,RW 

7. 

WW 

»      17  . 

WW 

8. 

RW 

18  . 

WW 

9. 

WW. 

19. 

RR 

10. 

RR 

t 

20. 

RW 

If^  there  are   fewer   than  15- 
pairs  of  children  gatherir^g 
dat-a ,    you  may  want   to  have 
each  pair   draw  more   than  20 
times  ^so  that  when   the  data 
for   the  whol^  group  are-  com- 
bined,   at   least   300  selections 
will  be   represented.**    A  tota^ 
o.f  400   selections   is  even 
be-tter.    •  Then  there'will  be 
chpse   to  100  WW    (whi te-eyec^) 
combinations   and  close   to   3  00 
RR;    RW,   and  WR  (red-eyed) 
coitibi nations  . 
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MINISEQUENCE  V/Activity  5 


TEACHING  SEQUENCE 


What  are  the  possible  com- 
binations of  factors-  in*^the 
second  generation  of  house 
flies,    according   to  this 
model? 


•  How  many  of  e'ach  kind  of  . 
'Combination  did  you  have? 


Even  now  gtome   children  m^y  see 
the  pattern  that   is  emerging 
from   this   process   of  random 
selection.     In  any  case,  pool 
the. data  of  all  the  pairs  of 
children  and  then  ask   the  fol- 
lowing questions: 

•  What  would'  be  the  eye  color 
of   the   flies  with  the  RR 
combination  of  character- 
istics? 


Would  any  other 
red'-eyed: 


flies  be 


I?  \\ 


•  What*  would  be  the  eye  color 
of  "the   flies  'with  the  WW 
combination  of  character- 
.istics? 


39^2 


COMMENTARY 


As  a   result  of  this  .  ac ti vi ty  , 
the  children  should  see  t'hat 
four  dif#«rent  kinds   of  com- 
binations are  fiossible  in  the 
second  .  generation:      RR.,    RW  , 
WR,   and  WW.'    Yo:u  might'^want 
» to  show  the*tn  tfiTe  following 
shorthand  method  for  finding 
the  possible  combinations-: 


R^^ 

RW 

V— 



2nd  gener^ition  RR     RW     WR  WW 

In  the  sample  data  cited  above, 
tliere  .were   the   following  number- 
of  each  combination: 


RR 
RW 
WR 
WW 


4 
7 
4 
5 


The   frequencies   for   each  com- 
bination :are,    theore  tioaflly 
equal;   hbwever,   in  samples 
this   small,   there  may  be  a^ 
few  extreme  values.     The  pooled 
data*  should  show  each  frequency 
close   to  1/4  the  tota^I . 

These   flies  would,  obviously 
be  red-eyed  since  no  other 
kinds   of   factors  than  red-eye 
determiners  are  pi"esent.  These 
flies   ajire  purebred  reds--just 
like  one  of  therr  "grand- 
paints  .  "     ^  •      /  ^ 

Here   the  childrep  should  see 
that7    just  as   in^  the  first 
generation,   a. ^combination  of 
R  and  W  will  yield  a  red-eyed 
fly  because  .red  is" dominant 
over  white. 


\ 


These^  flies  would  ha-ve  to  be 
whit^-eye'd  for  thef  same  reason 
that  those  beating  R](l  would  be 
r^d-eyed\  ,      '  '''^X^ 


/  ■ 

7, 


/  ' 


'    TEACHING  SEQUENCE 


Now  return  again  to  consider 
Table   2.  ,  Are   the  frequencies 
similar   to   thosfe  obtaine<i 
from  the  model,?  ?^ 


App^r^ntly  random  processes 
can   account  for  certain^  or- 
derly patterns  -obs-erved  in 
na  t  u  r  e  « 


MINISEQUENCE  V/Activity  5  ^, 

COMMENTARY  \ 

Help  the   dliildren  to   see  that 
one-fourth  RR,   plus  , one-half         '  , 
mix6d  R  and  W>   could   lead  'to  ^' 
three-fourths,    leaving  the  one'--* 
fo'u?:th'WW  which  fits   the   £re-  . 
quency  of  whifce  eyes   in  Tabl^*^  * 
2..     The  pra«)o^tions  a?:e  about 
the   same  * 


EXTENDED    EXPERlfeNCES : 


I 

t 


1*^     It  can  be  a  very  enriching  experience   for  children   to  cul- 
ture  and  cross-breed  red-   and  white-eyed  houseflies  themselves. 
EggS/  Jarvae/  pupae/   and'  adults   are   relatively  4asy  to  manipi/- 
late'  an'd  tl^^li/e  cycle-  requires  only  sixteen  or  seventeen  days 
under  class-room  conditions.      (Children  who  made'  a  fruit-fly', 
"farm"   in  Activi1:y  5  of  Minisequence   I  will   already  be -familiar 
.with   the   life   cycle   of  flies.)      0^  qourse,    the  Activity  would 
have   to  b6  extended  pver*  a  longer  period  of  time  but  it.  is  well 
worth  it  to  see   the   excitement  of  children  when  they  obtaih  all 
red-eyed  flies   in  the   first  generation  and   the   specific  ratio 
of  white-eyed  flies   reappearing   in.  the  second  ^generation.  In 
th^s   way  of  ^handling   t^e  Activity,    thechildren  could  obtain  the 
data   themselves   and   therefore   oot  use,  the  Worksheet  description 
of  r esul ts . 


fol- 

from  Educational  Sci^ence  Consultants y 
"The  Hou'sefly  "as   a  Classroom  Ani-X 


If  yS^  want   to  do  this,    it  would  be  helpful   to   send  for  the 
lowing  booklet,  obtainable 
in  San  Leandro^  California; 
mal."     They  can  also   supply  a  special  housefly  kit  which  in-  * 
eludes   the  booklet  and  Apparatus   for  setting  -up  two  f'ly  colo-' 
nies  .     Fiousefly   pupae  must  be  ordered  separately  .     These  are 
available   from  Continental  Biological  Labs'  In  Chicago.     The  > 
full   addressee  of  these  suppliers   are-provided   in  the  Materials 


and  Equipment  section  at 


the 


back  cif  this  Guide 


'2.  Children  of  iljigh  ali^ility  m^y  *be  challenged  by  the  opportunity 
to  considei:  the  ^ye  coltSi;^  charac teris tix:s  of  the  third  genera- 
tion of  hoAseflies.  -Worksheet  V-7  includes  information  on  the 
offspring  of  a  selected  sample  of ^  l60  white-,eyed  fl^i^s  and  of  a 
selected  sample^  of  100  red-eyed^  flies  from  the  second  generation. 
(You  may  need*  to  -  discus  s'  s  el  e  qt  ion  versus  random  sampling.  In- 
the  former,  a  .charac teris^ic  is  chosen  and  only  members  of  the 
population  having  '^that  cha^ac'teristic^^re   selected.     With  regard 


to  other  ich'ar  ceteris  tics  , 


er|c 


however,    the  -Wibsequent  choice,  is 

'402    •    :  ,  - 
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WORKSHEtlT 


Name: 


Table  3 


A  SELEOTED  SAMPLE  OF  100  WHITE-EYED  fLIES 
from'  ^HE   second  GEN*ERATrON 


White  Eyes 

Male 

Female 

50 

I  t 

Total 

10  0  ' 

Table    4:-    OFFSPRINGt  OF   SELECTED  WHITE-EYED  SAMPLE 


Red'  Eyes 

^. 

White  Eyes 

Total 

Male 

5  ,000 

Female 

5,000 

Total 

10  ,000 

10  ,000 

Table  5: 


A  SELECTED  SAMPLE  OF  100  RED-EYED  FLIES 
FROM   THE    SECOND  GENERATION 


Red  Eyes 

\ 

Male 

50 

Female 

Total 

100 

{ 


Table    6:"    OFFSPRING   OF   SELECTED   RED-EYED  S-AMPLE 


1  % 

'  9 

Red  E«y^s 
1 — * 

White  Eyes 

Total 

Male  ^ 

556 

'  5,000 

-  Female 

Total 

8,889 

1,111 

*  10  ,00.t)' 

ERIC 


V 


403 


c 


V  MINISEQUENCE  V/Activity  5 


rando^m  sampling,)  "      .  > 

rffter  distributing  Workshe-et  V-7,  thq  following  ""sequence  of 
questions  Inight  be   raised  with   the  children: 


•  Wh^t  would  you  expect  would 
be'  the-  eye  color  of  bhe  off- 
spring of  the   flies   from  the 
white-^yed  sample? 

'  \ 

*•  What  would  you  expe'ct  would 
be  the  eye  color  of  the  jcff- 
spring  of   the   flies   frofo  the 
similarly  selected^  red-eyed 
sample?'    What  would^all 
these   flies  have   in  common? 


•  What  'eye  color   i_s   fourld  in 
*'  the  offspring  of   such   a  saiji- 
pie  of  white-eyed,  flies?. 


=  •  What  eye  -color  >is   fourid  in 
the  offspring  of*'  the  red- 
ei^ed  sample? 


Direct  the   children's  atten- 
tion to  Table  6   and  ask  thetn 
how   the  data  are  both  like 
and  .arilike   those  ip  'TaTble  2. 


How  could  we   find  out  if 
these  datavcan  be  accounted 
for  using  'the  model  of  ran- 
dom selection  we  have  de-. 
veloped?     What  colors   and  . 
numbers  of  discs   should  be 
put  in  each  cup? 


The  cHildren  will  prd^b^afej-y  ^be ' 
able  to  p^redict  that'  the  off-,' 
spring  of  the  white-eyed  flies 
should  all  be  white-eyed^ 

Here  the  children  may  be  moire 
uncertain.     They  should  real- 
ize ,   however ,    that  ^11  these 
flies  have   at  least  one  'r  fa^c- 
tor.     Otherwise  they  would  not» 
be   red-eyqd.'    Genetically  they* 
can  be  described  as'RR,    RW  and 
WR.'     The  question   is,  would 
there  by  any  white-eyed  off-<  * 
spring  of  such  flies', 

Aftet   filling  ih  Table  ti^he 
children  should  notice   that  all 
the  o-ff spring  of  the  white^^e'fed 
riies   are  white-eyed,   as  ex- 
pected. 

After   filling  in  Table   6,  the 
children  will  observe  that 
while  most  of  the" of f spring 
are   red-eyed,    as  might.be 
expected,   one -ninth  of   the  chf:f- 
spring  have  white  eyes. 

In   this   third  gene  ration ,  ^ft.,  ^ 
eveiT  smaller  'proportion  af*  the 
offspring  of- red-eyed   flies  ar^ 
white^eyed   than  was  tl^e   case  in 
the  seeffhd  genera tion--l/9  as 
compared -with  1/4.      In  both 
cases,    though,  "a  specific  -^atio 
exists,  ^ 

Since ^the  RR,   RW,    and  WR  fac- 
tors are   the  only  .ones  present 
in  both  males  arid  femal^s^ 
representing  s'uch 
in   the   cupS'  would 
as  many  .red  discs 
discs   in  each  one 
av  total  of  six 
4 


a  situation 


R  and  2  W  in 
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require  twice 
as  vhite 

.Mainjtaining 
there  would  be 
each  cup".  ^ 
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MINISEQUENCE  V/Activity  5-» 


Distribute   fresh  copies   of-Worksheet  V-6   and  encourage   the  chil- 
dren 'to   see  if. by  again  selecting  discs   randomly,  ^1/9  of  the 
outcomes   are  WW-.     They   should   indeed  obtain   ?uch /result s  .  One 
group  counted  44  WW's  out  Qf400   selections.  ^ 


Some   chili3^£:«Tr  may  be   able   to  s^e  why  1/9  of   the   flies   from  such 
a  s'elected  sample  would  have  to  be  white-eyed  by  wo rJcing,  ou tU  the 
following"  table  of  possible  combinations- 


RR 


i 


RW. 


WR 


RR 


RR  R*R 

"RR     .RK  / 


RR-  RR  - 
W*R  W'R 


WR  WR 
RR  RR 


RW 


RR  RR 


WR  WR 


RR 


RW 


WR  WW 


WR  WW 
RW 


WR 


WR  WR 
RR      JTR  \ 


RW  ,RR 
WW  WR 


WW  WR 


0 

RW 


PR 


V 


-m  From  the'^table   it  can  i>e   seen  \hat.  4/36   ot   1/9  of   the  Outcomes 
^re  WW.^    Here   again,    an  o rderl y^^^ 1 1 ern   has   emerged   from  a  pro- 
cess of   random  matings.  ^>  * 


J 


^.     Mmiseque^ce  yi 
Towards  an  Ideal  Mechanical  System  ^ 

In  this    final  Minisequence  of  th^  COPEfe  p^agf^m  we  returg.  to 
the   idea  of   cons e'rvat ion  of  'ene r^y-  and  focus^on  cojtiseryation 
in  mechanical   systems.    .From  thej activities  knd  discussion  in 
Grade  5,   Minisequence   II   and   I V we * f ound   thit  it^  iV  difficult 
to  demonstrate  energy-  conservation   in  such   systems  because  o5 
friction.     Thve  effect  of   frictic/n  in   all   cas.es   is   to  convert    .  ' 
somecof  •  the.  mech&nica'l   energy^tc^f  h^a't  energy  as   a.  result  of  the 

^^ptriJbing  of  2   s%rfaces  against  e^ch  other.     Thus  ^iV  appeal  that 
energy  is  not  conserved  in  a  bo/incing  ball,   ^or   example,  because 
the 'ball   eventually  comes   to   re/st.      However,    it  ig  only  that  the 

venergy  is  not  conserved  as  m^cl^^anical  energy"!    the  to?^l  energy 

(mechanical  plus   thermal')    is   conserved.         ^  - 

> 

It  It  were  possible  to. eliminate   f  r  iction  '  d94t^ple  tely  ,  mechanical 
energy  co\*id  be  conserved.    'In  fact,    in' the  de.sign  of  a  prac- 
tical mechanical   system  one. always   seel^Ts   \kp  mirximize  friction 
^so  as  t9  decrease   the   generation.  of-4;eat  fen'ergy  an.d  thus  in-' 
crease  the  overall  efficiency  of  the   system.      Lubrica^nts  such 
as  oil  are   freque^ntly  used  on  parts   rjLjbbipg-  9 ver^  one   apother  * 
in  order  to   decrease   the   frictio^n  ^between   therh..      In  the  case  of 
the  .bouncing  ball,    the   fr iction^  or ^ rubbing   ^s   internal:     As  the 
ball  hi^s  the   floor    (or  any   sur/f ace )  ,  'it?  compresses;    after  it 
rebounds   it   returns  'to  its  original   shape.      Layers'^^of  rubier-. 
Vslide"   over  one^  another,    converting  sbme   energy   to  fieat*,  dyrin^g 
the   compression^^Vn^  return  to  shape.      If   th%.  j.nternal  sliding 
or  friction   could  be   lessened,  'we  would  have  'a   ''better"  ball, 
which  w6u3id  bourice  h^lgher  and  continue  Bouncin^  'long^r . 

We  know   that   it  is   im;possible  to.  eliminate   friction  completely 
in  a   real  ^ystem.     'How  then  /can  we  .establish  the.'pr incipl e  of 

-conservation^  of  energy?  Qnl'y  by  inference  from  experiments  in  ! 
which  tlie  f r ictrt.onal  effects  are  progressively  diminished.  That 
IS,  by  studying  systems  having  le^s  anci  less  ^friction ,  and  \finai 
ly  'extrapbla ting  -these  observations\*to  the   ideal  case   o^  »ero* 

friction.     in\this  wa^  one  concludes' 'that  without^  friction  / 
mechanical  energy  ^o^l^  be  c?)nserved.  ^  - 

I  -   •  J-  * 

Meqhanical   energy  was   introduced  , in  Grade   5',   Micnisequencit  II.    -  ' 
-There  .'the   chil-dren   saw  that  there  are  twcT^forms   of  mechanical 
energy,    both  measured  by   the   amount  of  woi*k  that  the   system  is 
capable   of  performing.     One   is  potjihtial   energy^   or  energy  due 
to  the  position  of  an  object,   and  fhe  , other  i^  kinetic  energy, 
which  is^  energy  due  to  the  motion  of   an-object.      In*  roany .  mech- 
anical systems   there   is   a  continual   intero'hange^  betwee^n  thes^e 
two   £orms>of   energy.      For   instance,    in  the  bouncing  ball,  the 
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potential   energy  "of.  the  ball   at   its-highest;  point   is  converted 

to  k-inetic   energy  as   the  ball   drops.     When.it   rebounds  upwai:d, 

the  kinetic   energy   is  convert  ed«- back  to, potential  energy.  The 

ball   fails  ,to  return  ,to   its  original  heigVit,   however,  because, 

as   it   rebounds   some  of   its  energy   is    "lost"   in  the   form  of  heat.  \ 

As   stated  before,-  this  is   caused  mainly  by   frictional  effects 

wirthin   the  ball. 

y  9 

Another  mechanical  system  that  more   nearly  approaches   the  ideal  ' 
is  the   simple  pencfulum.     Here   the   frictional   effects  (occuring 
at   the  point  of   suspension  where   the   string   rubs   against  h,  sup- 
porting surface  and  as   a   resulf  o f  ' r e s is t ance-  of   the  air  a&  the 
bob  moves   th'rough   it)    can  be  made   so   small   as   to   appear  negligi- 
ble.     The  poterin:iaJl   energy  of   the  >ob  at   its   highest  poinf  is 
c!t>nverted   to  kinetic   energy  ^s^.  it  moves   down  and   thro.ugh   the  mid- 
point.    The   kinetic  energy   Is   th.en   conver-ted  back   to  potential 
energy  when^  it   swings   up   and,  o^Tfer   to   ttie  other   side."   -The   loss  of 
mechanical   energy   in  each   swing  cycle  gan  be  very  small,   but,  we 
know   that^even   in  such  a  system  the   energy   is   eventually  ^degrjg^de'd 
to  heat  and   the  pendulurt  comes   to   rest.     What   this  means,    in  ef- 
^fect,    is   that  perpetual/motion  cannot  be  achieved  in'  a  practical 
system,   which   should  not  be   surp,rising.      Nevertheless,    such  near- 
ly ideal   systems  do  help  one  _come   to   the  conclusion   that,  in  the 
abseni:e  of   frict  ion  ,  .mechanical   energy"  would  be  complet e ly  ^  con- 
served;   e.g.,    a  pendulum  would  continue   swinging  forever. 

In  this  way   the  Activities   in  t^is   Mini^sequeace-^  lead   from  a  con- 
sideratio;!  of   inefficient  mechanical   systems,    in-which  thejre  are 
obvious  energy  losses   due   to   friction,    to   the   culminating  Ac- 
tivity  involving  a   system  'in  whicl?'th$   losses   are  muc;h  less;/^ 

'the  pendulum,   which  may  be   regarded  as   a  nearly   ideal  mechanical 
system.      Thus   the  primary  objec-tive  of   th^  Minisequence   is  to 
guide   children  through  a  series   of  experiences   from  which  they 

'are  able   to  make^  the   final   leap   to   the.  ideal  cas-e.  ^ 

The   following  concepts   are   develop^^d  -in  Minisequence  VI: 

1-     The  total   amount  of  energy    (mdvchanical  plus   thermal)    in  ^ 
system  remains   constant.  '  •       %  ^ 

2.  In  an   ideal   system,    the  di'f f eren t   forms   of  mechanical  en-  ' 
e^^gy    (potential   Snd  kinetic)    can  be   converted^  from  one  to 

the  other  without  any   loss  of  mechanical  energy. 

3.  On^imp^ct,    the  ki'netic   energy   cwf  a>i  object,  can  be   trans-  \ 
formed   into  thermal  en^ergy.       ,        ,  " 


4^     The  amount  of  work  done   to   increase   the  gravitational  poten-» 
tial  energy  of  an  object    (lifting  it  against   gravity)  does 
,not  de.'pend  on  the  path   through  whdch   the  object   is  raised. 

>  .  ^\        .  '    -       ^    •  ■ 

5.     A  lofes   m   the  mechanical   energy  of  a   system  may  be  accounted 
f^r  by   the  production  of  theri?ial   energy  due  tp  frictional  , 
effects.  ♦  ' 
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MINISEQUENCE  Vl/Activity  1 


Activity  1      The  Bouncing  Ball 


r 


This^irst  Activity  consists  of  three  parts.  All  of  them'-deal 
with  tfie  same  basic  phenomenon-- th^e  conversion  ofi^some  mechan- 
ical energy  in^o  heat  , energy  wh^n  a  ru^bber  object  (or*  any  other 
kind)  is  stretched  or  compressed,  as  j^^^/a  bouncing  ball.  Sucti 
obseprvations  are"  des  igned  to,  lead  t  he'^  clilldr  en  to  realize  that 
the  apparent  failure  to  conserve  mechan-ical  energy^  in 
system  may  be  attr.jLbi/t  ed .  to  the  conv^r^ion'  of  some  of 
heat.         .  . 


a  g  1  v^  n 
it  to 


All   childre^n  have   had   experience  with   a.bouncing  ball.      They  * 
know  that  left   to  itself  such   a  ball   evefnt^ually ,  comes  to 
rest   on   the   floor.    -In  the   first  part  x>f   this  Activity  a  bounc- 
ing ball   is   regarded   from  the   standpoint  of   its   Energy.      It  is 
a  mechanical. system  whose   energy   is   continually  interchanged' 
between  po.tentia]>  and  kihetic:      At, the   h  ighes  t  *  point  .  in  its 
bounce,    the  pQj:ent ial   energy  of   the  ball   is   at  a  maximum!  As 
it  drops,    th^  ^bal'l   is   moving  and -just   be-fore   it   hits   the  ground 
it   is  moving  most   rapidly.      At   this   point,    its   kinetic  energy 
ife  at  a  maximum.     As   the   ball  continues   tofbounce  up  and  dojwn  ^ 
its  mechanical   energy   is   gradually  dissipated    (because  of 
internal    friction).      What   becomes  of   the  Energy   i»  not  obvious, 
although  some  'children  may   infer   that   it  was   trans  formed. to  ' 
heat    energy. ^     In   the   next  part   of   th     Activity,    they  obseX^e 
the  heat"  energy  generated  as  another  piece  of  rubber    (a  pe/iqil 
eraser)-   is   repeatedly   flexed  by  pounding   it'o^a   table  top. 
The  .conclusion   to,  which   the   children   are   led  at   that  point 
is  that   some  of  the  mechanical   en.ergy  of  the  bbuncing  ball  was 
also^changed  to  heat   energy.      They  are   then  prepared  to  study 
other  bouncing   balls,    some  of  which  bounce    "better"    than  others 
because   they  lose  less  energy   in   the   f/)rm  of  heat  at  each 
bounce. 


MATERIALS  AND  EQUIPMENT; 


ball,    hollow,    rubber,    approx.    2    in.    (5   cm)    in  diameter 

ball,  "Superball  ,*^pprox.  X  in.  (2.5  cm)  in^  diametei:, 
if  available  *  * 


ball,    sponge   rubber,    approx.    2   in.    (5   cm),  in  diameter 
ball,    ping  pong  s 

set  of  felt  marking  pens  of  different  color^  including 
black 

^»  - 
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MINISEQUENCE  VI/Activity,  1 


i     sheet  wrapping  '^per ,    a'pprqx  .   2.  ft  by  6  ft 
^        f        (60  cm  by  180  cm) 

1  pi'ec^  of   rug  oft  carpeting,  fipprox.^   2   ft  by  2   ft    (60  cm 
by  60  cm> 

masking  tape 

For   each   child:  ♦  .  f  ^ 

2  •  pencils    ( unsharpened)    with  erasers  *  . 

1     rubber  band,    2   i*  n .    or   2-l/2   in*^    long    (5*cm  or  6  cm) 
1     sKeet   graph  paper,    4  sq/in.    (2  sq/cm) 


PREPARATIQN   FOR  .TEACH  ING  : 

using   the  black  felt  marking  pen,-  draw  ho:j"izontal   lines  across 
the  wrapping  .paper    (lengthwise)    every  six  inches    (15  era)  and 
number  them.      Select  a  part.,  of   the*  room  *where   the   '(Hard)  floor 
is  fairly   smooth   near'  the  w^alli    and   fasten  the  paper   to  the 
wall  with  masking   tape/so   that   one  edge   of  the  paper  touches 
thef  floor.     The  ball's  will   be  bounced  in   front  of.   this   lined  \ 
.7paper,   which  will   allow  the   children  'to   de.termine   the  height 
of  'each  bounce.  '    (See   the   illustration  on  page  A02 

ALLOCATION  OF*TIME:  '    ''l  .  . 

The-  children  -will   need   lr^l/2   tp  .2  hours   to*  cpmpfete  this  Ac- 
t  ivi  ty  .  .  *,  ' 


TEACHING  SEQUENCE 


1.'   You  might   start  the  Ac- 
tivity by  having   one  child 
lift   the  hollowyr ubbe r  ball 
to  tjie  highest  position  he 
or  she  can   reach   and  .then 
drop   it   in   front   of  the  ruled 
wrapping  pape-r  .     As   the  ball 
bounces,    generate  discussion 
along   the    following  lines: 


Er|c  4.00^ 


COMMENTARY 


If  the   children  have   not  had 
the   experiences   in  Grade  5, 
M  i  n  i  s  e  q  Uj^  nee   1 1  -  -  whe  re  con- 
cepts  api ated  to  work    (in  thfe 
mechanical   sense) ,  kinetic 
energy,    and  potential  energy 
are  developed--you  may  wa^t-  to 
present   a  telescoped  ^version 
of  Activities   2   through  5  b.e~- 
fore  beginning  th^  work  here^ 
Even  if   they^have  ha^i  ^these^^^\/ 
experiences^;    it  would  be  wise 
to   review  them . 
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MINISEQUENCR.  \^I/Activity  1' 


ERIC 


TEACHING  SEQUENCE 


•  What  had'         be   done   t.o  lift 
the  ball? 

•  What  kind, of  energy   did  the 
ball  have   just  before  'it 
was  dropped?  . 


HpW  much  potential  energy 
did  it  have?  \ 


What  happens   to   this  poten 
tial  energy  as   the  ball 
falls? 


•   Ho^  much  potential  energy 
does/it  have  when   it  strikes 
the  floor? 


^  What  happens   to   the  .energy 
as   the  ball  r^ebounds? 

/  '  >, 

Continue   the   di s cjjs s ion   u^t i  1 
the   children   show  th^t^chey 
understand  iix£  conversion  of 
potential   energy   to  kinetic 
energy  and  back.. 

A  .second  child  should   now  be-^ 
des'ignated  to  call  but  the  . 
•height   tp  which   the-  b.all   re^  * 
.turns  after   each  bounce. 
#  / 

J 

.Distribute   a   sheet  of  graph 
paper  £o  .fi5at:h   child.      Ask'  the 
first  child  to'  drpp  .the  ball  • 
again  and  have • the ' c h i Idr en 
r ^c'ord  the ,  di  f  f  e-ifent  heights 
to  which  tlie  ball>bounces  as 
the   second  ch^ld  calls  out 
the   readings.  Afterward/ 
each/child  shoulji  make  *a  graph 
of  height  plotted  agaii^t  'the* 


COMMENTARY 


The  *  child-  had  to   exert  a, force 
qji   it,    through   a  distance, 
thereby  doingj:^5ii?Drk  * 

*t'Otent:i%'i^p||gy  .(^n6rgy  of 
Ero3  i  t  i  o  n  X<it  .  • 

j     ":a.-     ' ' 

An  -amount  just  e'qual  to  the 
work  that  was,  dqne  on.it  €o 
raise   it  to  that  height. 


Part «is  converted  to  kinetic 
Energy    (energy  of  motion) ♦ 


None^  (with   respect   ta  th.e  ' 
floor);   all   the  po'tential  en-' 
ergy^  *(PE)  .-has   b.een  converted 
to  kinetic   energy    (H^).  The 
.k  inet^i^^energy   i£   at   a  maximum 
just^  befor'e   it'  striJ<es  the' 
floor.  ,* 

It*  ts  converted  back  to  poten- 
tial- enfergy  as  Lt  moves  up  anc3 
a^ay   froin  th^  floor. 


Have   the  child  practice  observ- 
ing  the  baTl  against  '  the_.ruled' 
•  paper  and  de\:ide  -Urpon   some  sys- 
tem of   interpola1:ing  between^ 
lines,    say   to   the   nearest  half 
division. 


T'he  vertical  axis  can  be  la-,' 
beled  ""Height  of  the  Ball"  ^nd 
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MifllSEQUENCE  vr/]tctivity  1 


TEACH ING  SEQUENCE 


number  of  bounces. 


Have  the  cKildren  compare  the 
^potenti^al  energy  at   the  top 
or  each  successive  bounce. 


The  cycle  of  energy  changes 
should  be  emphasized   in  dis- 
cussion-"-f r om  PE  at   the  top 
of  each  ^bounce   to  KE  at  the 
^floor,    as  shown   in  ^tlv^  dia- 
gram. 


COMMENTARY 


the  horizontal  axis   can  be  la- 
beled with  the  number  of  the 
'sh^unce  :      first  bounce  (1), 
seiGond  bounce    (2),    e'tc.  The 
graph  will  be   useUful  ^hen  com- 
par/ing   the  bouncing  ojfckhi'fe 
ball  with  others  in  STCi:4on  3. 

It  should  be  apparent  to  them 
that  the  height,   and  therefore 
the  potential   energy  becomes 
progressively  less. 


'OPEl 

OPE3 

w 

KE2  QKE3  \ 

Why  does   the  b>all   nt>t  return 
to  the  same  height  after 
each  bounce?* 

What  happens*  to  the  energy? 


ERIC 


Some  children  may  recognize 
that   this   is  becaus'e  of  fric- 
tion during  collisions  with 
the  floor,   and  that  some  of  the 
energy  is^oonverted  to  heat. 
However',   do  not  press  for 
definitive  conclusions  at  this 
time,    but  go  on  to   the  next 
Section,   where  a  clue  to  the 
losses   IS  provided. 
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MINI SEQUENCE  VI /Activity  1 


TEACHING  SEQUETN^CE 


2,     See  that  each  child  has  a 
pair  of*  pencils   and  a  rubber 
band.     Hava  them  begin  by 
holding  one  end  of  the • rub- 
ber band  in  each  hand  and 
touching  the  center  of  the 
band   to  the   face   just  above 
the   upper"  lip.     Then  have 
them  suddenly  stretch  the 
hand  and  again   touch  it  to 
the   face  above   the  lip, 

•  What  do  you  observe? 


•  Why  d.c^es   the   rubber  band 
get  warmer?' 


While  holding  the  stretched 
rubber  band  in  contact  with 
the  face,  have  the  children 
suddenly  relax  the  band. 

•  What**  do  you  observe'-this 
ti.me? 

•  Why  should   it  get  cooler? 


Now  show  the  children  how  to 
compare  the   temperatures  of 
the   two  pencil   erasers  by 
touching  them  briefly   to  the 
same  sensitive  area  an  their 
faces.. 

'I'he  children,  can  keep  one  pen- 
cil  for  comparison  while  they 


COMMENTARX^ 


Leave  the  ruled* wrapping  pap^r 
on  the  wall  for  use  in  Sec£ion 
3  . 


The  part  of  the   face  between 
the   nose  and  upper  lip  i^^very 
sensitive   to   slight  temperature 
differences.      However,  some 
practive  may  be  needed   to  sense 
the   change   in  temperature. 

They  should   find  that  txh^  rub- 
ber band   feels  warmer  after 
stretching   it . 


Work*  must  be  'don,e  on  the  band 
in  order  to  stretch  it.  ,^Some 
of   this  work   is  apparently 
changed  to^heat  energy. 


They  should  find  that  the  rub-' 
ber  band   fe^ls   cooler.  ^ 

Some* children  will  probably 
point' out   that   the   energy  that' 
^was  put  into,  the-band  when  it 
vas   stretched  must   be  removed 
as   thermal   energy^when  it 
relaxes,    resulting   ijn  a  cool-, 
ing  of   the  band.     This   is  an 
acceptable  explanation.  , 

To  avoid  warming   the  eraser 
witli  their  hands,    the  childiren 
should  hold  the  •pencils  near 
the  opposite ,    unsharpened  end. 


They   should  avoid  pounding  the 
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MINISEQUENCE  VI/Activity  1 


.  TEACHING  -SEQUENCE 

pound  the  eraser  end  of  the 
other  pencil  on  their  desks 
hard  and  as  rapidly/as  they 
.can.  After  a^few  minuter 
they  can  again  ^ompare  tem- 
peratures of  th'^e  erasers  by 
touching  them  both  briefly 
above  'their  upper  lip. 


as . 


The  remainder  of   the  Activity 
should  be   devoted   to   a  dis- 
cussion of   the  temperature 

system: 


rise  within  the 


What' caused   the  temperature 


rise? 


3.     Remind  the   children  that 
when  f'they  were  observing  the 
bounc ing.  ball f    it   bounded  back 
with   less   energy  each  time. 
What   kind  of   energy  dud  it 
have   just  before  hittij|g  the 
floor?     Wasn't  this   t)M  same'  * 
kind  of   energy   the  mo vTng  pen- 
cil  had?.    In   this   way 'try  to 
associate   the  production   of  . 
heaj:   energy  with   the   loss  of 
k inetic.  energy  after  each 
coll  iris  ion. 


COMMENTARY' 


eraser  on  a  metal   desk   top  or 
other .thermally  conductive  sur- 
face^.     If  riecessary,   place  a 
piece  of  cardboard  on  ,the  sur- 
face  so   thatany  heat  energy 
produced  by   the  pounding  will 
not  be  conducted  away. 

The  children,  should  notice  a 
small   increase   ip  temperature 
in  ^the  pounded*  eraser.  Some 
children  who   cannot  pound  very 
vigorously  may  not  be  able  to 
detect  much  difference.  They 
could  work  with  others, who  are 
s  t  r-o  n  g  e  r  . 


The   children   should  recognize 
that  the  pounding  produced  he^at 
energy,   because  of  the   rise  in 

temperature.^    (See  Activity  4 
of  ^Min^rs^quence   IV  in   Grade  5 
for   an   introduction   15^   the  idea 
of   the   transformation  of ''kinetic 
energy  to  he at.  energy.) 


y 


Note:      Before   the  pencil  hit 
the  ,  table  /    it  was^  -in  jno tion; 
hence^it  possessed  kinetic 
energy.  *  Wh^   it  collided  with 
the   table   it   "lost"   thi6  kinetic 
energy.      On  each  collision  its 
kinetic   energy   is   converted  to 
heat  energy,   which  can  easily 
be   detected . 

In   the  case  of   thp  b6uncin^    ,  i 
ball/  too   little  heat  energy  is 
pr oduc ed   throughout  too  large 
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MINISEQUENCE  VI/Activity  1 


TEACHING  SEQUENCE 


Again  bounce   the   hollow  rubber 
ball  in   fron-t  of   the  wrapping 
paper.     Ask   the  children  what 
they  now, think  happens   to  the"* 
energy   "lost*"  during   the  first 
bounce,    the   second  boun^^e 
etc  .        '  ♦  ' 


CO^METnTA^RY 


a  ball   for   the  rise  in  tempe ra- 
ture   to   b'e-  detected.  I^evefthe- 
le^s,    thi's  Activity  should  pro- 
vide   a  basis   for  ch'ildren  to 
infer   that  what  happens  during 
collisions  of   the   eraser  also% 
occurs   during  other  collisions, 
such  as  with   the  bouncing  ball/ 
in  which  a   tempera  tur  e  r  i*se 
cannot  be  detected.     Note  that 
both   the^  eraser  and  the  ball 
ere  made  of   similar  material! 
However/,  this   is   true   of  any 
.material   in  which  ^internal 
£j:ic  t  ion  can  take   place  . 


They 'have  had  experiences  which 
should  now  jnake  it  possibly  for- 
th em  to   unde rs t'and  that 
energy  was  produced  when 
ball   hit   the   floor.     The  sche- 
matic drawing  might ,be  used  , 
again  with  heat  ^e-nergy  (HE) 
included   in  the  sketch. 


Next,   substitute 'a  sponge  rub- 
ber bail,   and  repeat  the  pro-' 
cedure,    noting,  the  heights  t^o 


This   activity  may  be  done   as  in 
Section  1,   or  small  groups  of 
children  may  be  designated 


ERiC 


^405 


MINISEQUENCE  VI/Activity  '1 


TEACH'ING  SEQUENCE 


which  it   returns  after'suc- 
ce-ssi^e  bounces.      Refer  .to  th^ 
graph  dr^wn  previously  showing 
the  heights   to  which  the  hol- 
low rubber  ball  bounceci. 
Place   the  new  data  on  'th^e 
same   set   of  axes,,  usin<^a 
d  i  f  f  ^  r e  n  t  color.  t 


4 


Does  this  ball 
or   less  energy 


bounce 
one  ? 


than 


1 ose  mor e 
at  each 
the  first 


Repeat   the  entire  procedure 
'with   a  ping  pong  ball,  and 
then  with  a   "Superball,"  ask- 
ing the   same  que'stions  each 
t  ime .  ^ 


Now  change   the   surface  on 
which   the  ball   bounces.  Drop', 
the   "Superball"   on   the  .piece 
of  Carpeting  and  .have  the 
class   observe,  its  behavior, 
asbefore.*^ 

V  Could  a   "Superball,"   or  any 
ball'  on   its  owq,    ever  bounce 
back   to  a  greater  height 
than   that   ^rom  which  it 
was  dropped? 
/ 

•  How  co^uid   it  be  made  to 
•bournCe  higher? 


COMMENTARY 


each   group  being  given  one  of 
the  balls  and  Instructed  to 
gather  its  data  separately. 


The  children  'should  be  abl^ 
to  answer  .this  question  by 
comparing   the"  heights  which 
the  two  balls  attain  after. the 
same   number  of  bounces.  The^- 
.one   that   rebound's  higher  has  ' 
lost   less   energy,   of  course. 


A   "Superlfell"' will   exhibit  the 
least   los^  of   energy,  i.e., 
will    rebound  higher   than  the. 
other  balls.      jn  te^phnical 
terms,    the   cpllision  'between 
this   b'all   and   the   floo.r  is 
more   '^elastic"   than   the  others 
aecause  of   its  |::onstruction, 
it  de  form's  ^<tiie   least-  when 
bouncing  and  loses   the  least 
energy.  '^•^ 

The^  ball   will   not  rebound  -as 
high,    but   now*  it  *is  because  ' 
the  carpet   "absort^s"    some  of 
the  energy  as   it  deforms, 
changing  it  to  heat. 


The  children  should  be  able  to 
conclude   that   this  would  vio- 
late  the  princip^le  of  conserva 
t ipn  of  energy ♦ 


If   they   respond  by  suggesting 
that   the  ball  be  thrown,  at  the 
, floor,    develop  with  them  the  ^ 
und erst an ding  that  this  means 
giving   the.  balT  more  energy 
to  begin  with. 
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MINISEQUBNCE  VI/Activity  1 


TEACHING  SEQUENCE 


What  would  happen  if  the 
l?all'  were  dropped  and 
trapped  in  a  container 
wi'thout  being  allowed  to 
bounce?  •    •  4 


COMMENTARY 


The   children  should  conclude 
that   the  temperature  of  the 
container  must  increa'se,  since 
t-he  mechanical   ener.gy  of  the 
ball  would  have  disappeared. 
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MINISEQUENCE  VI/Activity  2 


Activity  2     The  Inefficient  Pulley 


The   purpose  of   thiS'  Activity   is,  to  demons  trate loss»es "  of  ener 
gy   in  another  kind  of  ^mechanical   systein--the   simple  pulley--and 
show  that  these   losses  are  also   due   to   friction  in   the  system*. 
A  pulley  can  be   simply  a   device   to  change   the  direction  of  an 
applied   force  con«hi'ent ly .     One   example   is   raising  an  ^bject 
upward  by  pulling^pownward  on-  a   line  which  is   looped  over  a 
rocj,,  '.as   is*  the  cdip  here.     However,    the  pulley, that  will  be 
used  is   inefficient.      There   is  considerable   fri^ction   in  the. 

al  energy  losses  ^.n 
rgy,  thus  a  greater  amount  of  work  must 
to  .get  an  object  up,  to  a  specific  height-^that  is,  to 
increase  its  potential  energy  by  a  >given  ampunt--as  compared 
with  the  work  done  in  simply  lifting  the  object  to  thAt  same 
height*  ^-  - 


^^■^-^y^tem,    which  causes   substantial  mechanic< 
thk   form  of^ heat  energy.      Thus  a  greater  < 


done 


MATERIALS   AND  EQUIPMENT: 

plasticene  model ing  (clay  (pptionaT) 
For   each  ^paj.r  of  children: 


spring  scale,  ^2-lb    (250-gm)    capacity,   such-  as  Ohaus 
(Cenco)    model   5  4<i5  ,   or_  1-ib    (50'0-gm)    capac  i  ty  ,  •  mode  1 
5505 


ball,  lead,  4-oz  tl20-gm)  or  2-bz  (60-gm),  with  eye 
for   attaching  fishing   line        .  ^  ^ - 

section  of"  nylon    fdshing   line,    3   feet   Ibng  ' 

r\ller,    30-cm    '  " 

nail,   about  4  in".    (10   cm")  long 

the   unsharpened  -pencils   from  Activity   1  ^• 


PREPARATION    FOR  TEACHING: 


J 


Other  than'  gathering  the  ^necessary  materials,  no  special 
preparation   is  necessary.  % 
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MINISEQU5NCE  VI/Activity  2 


^LOCATION   OF   TIME:  "  ,  .  * 

r\ie  children  will  need  onLy  aho^t  ar)  Kour'to  complete 

Adtivity^    excluding   the  'time  necessary  to  review,  concepts  int^-o- 

duced  in  Minisequencse   II   of  .Grade   5.      ^  ' 


CHING  SEQUENCE 


Start  ^e^^Activity  by  Kav- 
lAq^^^rSch  pair  of  children  at- 
tach one  end  of  a  nylon  line 
to  a   lead  .ball   and  the  other  r 
end  to  a  spring   sc.ale.  v_ 

Lower  the  spring  scale  until 
the  ball  rests  on  the  table 
top    (or  floor')  .     Ask   the  chil- 
dren how  'they  could  increase  ; 
the  ball '3  potential  energy, 

•  What  is   the   force  needed 
lift  the  ball  called? 

Suggest  that  they  calcfulate 
the  -work*  done  whaif  the  ball 
is   lifted   througn,    say,    10  cm. 


CdMMENTARY- 


A  triple  knot  is  probably  ^ 
good  idea-be-cause  nylon  line 
can  be^  slippery* 


At  th'as   point  in  the  sequence, 
they  will  probaBly  suggest 
lifting  it. 


V 


Its  weight , 


For   example,  .if   the^  ball  is 
lifted ^a  distance  of  10  centi-. 
meters  with  60  gram-force  units, 
the  work'  done  on  it  can  be  ex- 
pre,ssed  -as ,  10  x  60   or  600  gram- 
force  centimeters,   or  simply 
600  work  units.     This  number 
represents   the  added  potential 
energy  of  the  ball  with,  respect 
to   the   table   top.      In  Activi'ty 
3  of  Minisequence   II ''in  Grade 
5,   bhe  children  were,  introdu'ced 
to  the  concept  of  work^as  a 
product  of   force   times  distance 
(F  X  D)  .  '  Again,   you  may  need 
to  review  this   concept  with  the 
chilciren  at   this  time-. 

NoteS     If  the. spring  scales^'are 
calibrated   in  gramsr,    the  exist- 
ing unit  scale  can  be  us^ed  or 
it*  can  be  covered  with  masking 
tape,   and  any  arbitrary  unit; 
scale  can  be  marked  oi)  the' 
ta^*     Strictly  'speaking,  a 
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TEAgniNG  SEQUENCE 


*Put  the   following  .he'addngs 
on  the  chalkb(bard '  and  ask 
each  team  tp  write   them  on 
a  sheet  of  paper.  . 


tNlSEQUENCE  VI/Activity  2 


COMMENTARY 


gram  is*  a  unit  of  mass  'rarther 
than  force,   although  it  is  ^ 
often  used  as  a   force  unit,  asfr 
with  spring   scales.      This  dif- 
ficulty can c be   avoided  simply 
by   referring   t^o   the  divisipns 
on   the   scale  as   gram- force'  ' 
units .     The   distance   the  ball 
IS  lifted   can  be  measured  in 
centimeters  with   t^heir  rulers-. 


Trial 

Distance   Lifted^^n  cm 

Gram-Force  Appl ie3 

Units   of  Work 

1  • 

2 

/ 

-—^  .  — 

J  

Each  team  should  then  record 
the  data   for  this   first  trial 
under  the  appropriate  head- 
ings .     ,  y  ^ 

2.     Next,   ask  one  member  of 
ea>ch  team  to  hold  the  nail 
by'both  ends.     The  other 
member  should  loop   the  nylon 
line,  over   the  nail,  so  that 
^  pulling  downward  on^  the  spring- 
scale  raises    the  ball.  Start- 
$    ing.^with   the  ball  on  th^  floor 
or-table   top,   they  should  pull 
'smoothly   down  on  the   scale  ayt^ 
me'asure   the   force  now'  required 
^  to  lift   the  ball. 


Ask  them  to   lift  the  ball 
this  way   a  distance  of   10  cm 
again  and^  record  their  data 
under   the   heading^   for  Trial 
2  . 


ERIC 


•   Can  the  difference  found 
between  the  two  trial§  be 
'due   to  pulling  upward  in 
the   first  tri-al  and  down- 
ward  in  the  second? 

410 


The   force   required   should  be 
considerably  greater  than  be-* 
f or e .  .  .  ^ 


This  may  pi;pvoke   some  discus- 
sion.     Th'ey  will  lEdnd/  later 
that  it   is   not 'the  direction  , 
but  the   ruling  betWeen  the  . 
strin*g  and'the  nail   that  causes 
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MINISEQUENCE  VI/Activi^ty  2 


TEACHING  SEQUENCE 


.COMMENTARY  : 


the  dif.f  erence  . 


\^  How  does   the  ootential 

energy  of   the  ball  cojpnpare 
after   it  was   lifted   in  each 


trial? 


How  could  you  prove  that 
the  pot-ential  ene^gy^  w%^ 
the  sam.e  in  both  cases^ 


Since  the  ball  was   at  the^^same^ 
height  ^ach  tirme    (10  cm)  ,  th^ 
potenti-al   energy  was   the  same. 

Try   to  focus   the  discussion 
on  the,  jneaning  of  potential 
eji^M^^y^/i  .  e  .  ,    the  amoun^t  of 
mpchanical  work  the  ball  can 
do :      for   instance ,   suppose  the 
ball  were  dropped  from  the  10-  * 
cm  heigti.t  onto  a  fl'at^piece  of 
soft  ^c  lay, ,   forming  a  depression 
in'  the  clay.     Would  this  de- 
pression be  the  same  each  time? 
The   childr'en  should  conclude 
that*  since   t-he  baLl  would  be' 
dropped   from  the  samfe  height 
■  each  tiilte,   it   should  d%o  the 
same  amount  of  work  on  the 
clay.     Hence  it  had  the.  same 
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TEACHING  SEQUENCE 


Now  ask  the   children  to  refer 
to   their'  recorded  data  an<5 
compare   the   amount  of  work! 
needed   in   each  of  the  two  ; 
t-r'ials   to   increase   the  poten- 
tial en.ergy^of  the  ball 
the  *  same  amount.  i 


Have  the  children  wrap  th^ 
nylon   line-  another   full  tuirn 
around  the   nail   and  repeat 
the   experiment,    recording  , 
their  data  under   Trial   3.  , 

•  How  much  work   is   required  - 
to  raise   the  ball   10.  cm  ' 
,    this   time?  '  i 


♦  Why  do  you  think  more  worJ 
.was  necessary  each  time? 
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'  ^sk  children   if   they  can 

adentify  what   kind  of  energy 
this^work  of   rubbing  pr.o--. 
ducjed:* 

•  Froip  your   recor^ded  datci^  how 
ma^ny  extra  work  units  were 
'needed  to   lift   the  ball 
each   time   the   nail  was  in 
the  system?     What   form  of 
energy  do  you  think  the 
extra  work  produced? 
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/ 

COMMENTARY 


potential   energy  each  time. 
You  may  wish   to  have   some  of 
the  children  actually  try  this 
*  experiment . 

It   should  be  ^bvious  that  more ' 
work  was   required   in   the  second 
trial.      By   now,    the  children 
probabl^^  will  be^  able   to  attri- 
bute  t*his   to^  friction.  Never- 
theless,   they. should  go  on  to 
the   next   ti:ial  before  reaching 
any   final  conclusions. 


Since  more  line   is'rufe^ng  on 
^the   nail,,   the   frictiq^i  has 
been   increased,    and  bhey^^should 
find  that   still  more  work  is 
required  to  raise   the  ball 
10  cm. 

A  greater   force  has   to  be 
exerted   to   raise,  the  ball  the 
same  10   cm.     At   this  point  it 
should  be  evident   that    (a)  it 
was   not   the   change   in  direction 
of   the   force   that*  caused  the 
difference  between  Trials  1 
and   2,    and   2   and   3,    and  (bj' 
the   extra  work  was  required 
because   of^  the   rubbing  action 
of   the   line   ag,ainst   the  nailT 


By   now,    it  may  b^e  suggested 
that 
heat 


the   extra  work^produced 


energy.     More   heat  energy 
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ERIC 


J 

TEACHING  SEQUENCE 


Ask  them  what  happens  when 
they   rub  their  hands   dr  two 
pieces  of  wood  together.  They 
will   know  that   the  surfaces 
get  warmer.     Thus,    they  should 
understand  that  friction  pro- 
duces heat. energy. 

•*If  heat  energy   is  produced 
as  *a  result   of   the   line  rub- 
bing on   the   nail,   how  could 
you  test   for  it? 


Suggest   that  they   try   the  fol- 
lowing:    One  child  can  make 
^^o  or  more   turns   around  the 
nail  with  the   nylon  line. 
Then,   holding  one   end^of  l^he 
line"  in   each  hand  he  or  s,he 
can  pull   it  back  and  forth/ 
keeping   it   fairly  taut. 

At  "this  point,    you  might  want 
to  remind  them  of   their  study 
of^the  bouncing  ball   in  Ac- 
ti^jity   1.      They  observe.d  en- 
eijgy   loesses   in   that  instance  . 
also  and  associated  them  witjfi 
the  product  ion  of  hea  t  energy 
when   the  ball-  coll'ided  wi-th 
the   floor.     Were   the  energy 
losses   in  the  bounting  ball 
also   the   result  of  friction? 
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would  then  have 
in  Trial  2  than 
more  ip  Trial  ^3 
2  . 


b'feen  pro'^uced 
in  Trial   \  and 
than   in  Trial 


Frictional 
in  Grade  5 


force  was  introduced 
,/    Minisequence   II.  ^ 


Some  -children  may  wonder 
•whether   the  heat  energy  pro- 
duced by   friction   could  be 
'felt  as   a  rise   in  tempe_ra- 
ture  of   the  nail. 

"I 

Very   quic^kly   the  nail  wilT 
begin  to   feel  warm.     With  ^ 
vigorous    "puller,"   it  will  be- 
come  so  hot   that   the   child  ' 
holding   it  wilH  soon  drop   it!  , 


42^ 


There  may  be   some,  disagreement 
about   this  because   the. children 
may  not   associate  *bounc^ing  with 
friction   in   the  sam4  way  that 
they-^ associate  rubbing  with 
friction.      If  so,    ask  them'what 
they  observed  when'  they  boun'ced 
the   erasers   against   the  table 
top.      Then  ask  what  they  thirlk 
they»  would  observe   if  the?  • 
rubbed  the  erasers   on  thfi 
table  .      (Rubbing  erasers  on 
the   taj^le  top  will  ^also  pro- 
duce a  noticeable   increase  iri 
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T»EACHING  ^SEQ^ENCE 


Finally,   sujnmarize  the  Activ- 
ity by  considering  the  work 
that  mlist  be  put   into  a  sys- 
tem  in  order   to-overcome  fric- 
tion 5nd  increase  the  poten- 
tial  energy  of  an  object  such 
as  the  lead  'ball  : 


WORK 
INPUT 


ADDED 

POTENTIAL 

ENERGY 


HEAT 
ENERG 


The   larger   the  amount 
tion   in  a  system,  the 
loss   of  ener'gy  in 
and 
the 


*the 

of  heat  energy 
ly  the  greater 


of  fric- 
greater 
the  form 
consequent- 
amount  of- 


-work   that  mus  t  be  put   into  the 
system  in  order   to  increase 
the  potential  energy  of  the 
object  by  a  set  amount.  ^ 


COMMENTARY 


temperature 


Both  rubbing  and*  bouncing  (or 
invoTve   friction . 
of  the  bouncing 


pounding) 
Jn   the  case 


\in   tne  case  of  the  bouncing 
ball,    it   is   largely  internal 
friction  caused  by  deformation 
of   the   rubber .     The  same  js  \ 
the   stretched  ^ub b e r 


of  the 
true  of 
band 


As    indicated   in  Activity   1,  it^ 

y        As   alway-s   assumed  that  an  ob- 

Inject  has  -some*  potential  energy. 
For   instance,    the  ball  when  it 
is   still  on  t\]e  table  has  po- 
tential  energy  with   respect  to 
the  floor.     Its  potential  en- 
,ergy  i^   increased   if  it  is 
raised  to  a  h ighe r  .po$ i t ion . 

In   the   next  Actix^ty  the  chil-  . 
dren  will   s^tu^y  the  frictior^al 
effect   further  and  inves  1 1  ga't  e 
the   irxfluence   of -  lubrication 
on-  th.e  work  required  to  in- 
crease  the  potQntia-1  energy  of 
an'  object  by  a  given  amount. 
The   lead  balls  and  attach^ 
'fishing-line   should  be   set  . 
aside   for  this  purpose. 
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MINISEQOENCE  Vl/Activity . 3 


Acti\^ty  3     The  Inclined  Plane 


In  the  previous  Activity  it  -was   found  that  different  amounts'  of 
work  had   to  be   expended  in  order   to'  raise  a  ball,  to   the  same 
height,    depending  upon   how  much   friction  was   encountered  (the 
line   rubbing  against   the  nail).      An    inference  was   dr.awn  that 
the  bald  had  the  same   potential   energy  each  time  ,  regardless 
of  the  amount  of  work  put   into   the  system  t40  achiev.e   it  be- 
cause ,   if  dropped   from  that  height,    the  ball   could  be  expected 
to  do  only  a   fixed  amount  of  work  independent  of   its  past  his- 
tory.    But   if  different  amounts  of  work  were   done   to   raise  it 
to  the  same  ^height,   what  became  'of   the  extra  work?  Actually, 
the  same  amount  of  work  was   done  each  time  on   the  ball--the 
rest   was   do.ne  on  the   line  and  nail,   reappearing  as  thermal 
energy.  ^  ' 

The  present  Activity  makes   uses   of^   sijjple  mechanical  system, 
the  inclined  plane    (ramp)      to*  provide   farther  'evidence  that 
when   friptiona>  effects  are   ?educe4;    the* work   done   to  raise  an 
object   to  a  given  height  —  and   th.e  potential  ^energy   it  acquires 
as  a  result--does  riot   de'pend  upon  the  path   taken,    but  or\ly"  upon 
the  f  inal  height.      The   Acti\^ity   is   divided   into   two   parts  ,  the 
.fijTSt  dealing  with  objects   exhibiting  ajppreclrable  frictional 
Effects  and   the   second  with   tlie   same  baLl   used   in   the  preced- 


.ng  Activity 


MATERIALS   AND  EQUIPME^'T:^ 

^--^  ^ 
masking   tape  — 

•       '  ^  <• 

1    ^tnbe  of  powdered  graph ite* 

1     box  facial   tissues^  or  ^aper  towels 

1     roll  of,  aluminum  foj.lv  ^ 

For  ea^fch  ^pair  of  children: 

•  1     flat  ramp  60  cm  ]2   ft)    long;    e.g.,    a  pi,ece,  o'f  stiffs 
»  corrugated  cardboard 


small  book  IRbout  4  i 
by   2'.  5  .cm)    or  other 


i^by  7  in.  by  l^in/dO  cm  by  IS.cm 
^ret-sided  ob j  ect 


0 


ERIC 


1 igh t^ s tring ,  about  1  ft  4 
ruler,    3  0- cm  * ' 
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MINISEQUENCE  VI/Activity  3 


1     spring   scale,  'from  Activity  2 

r  *  * 

1  lead  ball  and  attached   fishing  line,    from  Activity  2 
•  2     copies   of  Worksheet  VI-*1  v 

2  copies   of  Worksheet  VI-2  ^  .  ^ 

*Graphite  can  be  mesay,  so  you  may  wish  to  substitrute  another 
dry   lubricant,    such   as   silicone   spray  lubricant. 


PREPARATION   f6r  TEACHINQ:- 

Set   up  a'  sample   ramp  as   shown  in  the   ske^tch  on  page  419.  Books' 
or  any  other  convenient  abjects  may  b^  used  t^  support  one  end 
of^  the   ramp- about  25   ciq  above   the  other  end.     This  wall  show 
children  h'6w  the   equipment  is   to  be  ar-ranged  and  will^  enable 
them  to  observe   special   techniques   to  be   used  when  working 
with  it. 

W^ap  the  books   to  be   slid  up  the  ramps  with  paper  and  tape  i^  * 
in  place.   ^  This   will   keep  them  from  ^b'eing   soiled  by  graphite 
later  in  the  Activity.     Also,    run  off  sufficient  'copies  of 
Worksheet  VI-1   and  VI-2.  ' 


ALLOCATION   OF  TIME: 

The  children  will  need  about  1-1/2  hours  to  complete  this 
Activity. 


TEAqHING  SEQUENCE 


1.     As   a  brief   review  of  pre- 
vious Activities,    first  pull 
the  book  on  a  horizontal  sur- 
face ^ith  a  sprin'g  scale. 
Calculate   the  work" done  with 
the   children.     Again -.this 
would  be  thev  product  of  the 
force,   as   represented  on  the 
scale,   and   the  distance 
through  which  the  book  wa,s 
puil ed. 


Then  ask  the  children  to 
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COMMENTARY  *^ 


Show  the   children  how  to  tape  a 
short  loop  of  string  to'  the  end 
of  ,the  book   to  provicje   a  means 
of  attaching   the  spring   scale. ^ 
The  ^tring   should  not  be  wrapped 
arbuiid   the  book    (like  a  pres- 
ent) ,    because  the.  string  will 
interfere  with  contact  between 
the   surfaces  of   trfe  book  and 
the  ramp. 

Their  experience   in  the  previous 


MINISEjlUENCE  VI/Activ^i'ty*  3 


TEACHING   SEQUENCE  ' 


suggest  some  ways  of  increas- 
ing the  potential  energy  of 
the  book.  ^ 


.At   this  point,    all  equf^pment 
for   this  Sect ion  of  the  Activ- 
ity,  except   the  graphite, 
should  be  dis tr ibuted .  /^eams 
of   two  children  can  b^as- 
signed  to  assemble  the  ramps. 
First  they  should  cover  the 
surface  of  the  cardboard  with 
a  fresh/  -smooth  piece  of  alu- 
minum foil  and  tape  it  down' on 
the  back  of   the  , cardboard . 
One   end  of   the  cardboar'd  can 
^then  be  propped  up* on  a  ^ile 
of  books  or  other  suitable 
'Objects   to^ make  a  ramp.  In 
, each  case  the  elevated  end  of 
the  ramp  should  be" approxi- 
mately  25  em  above   the  floorY^ 

•  Ho'w'much  work  is  done  on 

'the  book  when  it.is  lifted 

vertically   to  the  top  of 

the  ramp? 

First  the  children  can  measure 
the   vertical   dis tance ' be t^een 
the   floor  or  table  top^and  the 
tip  of  the  'ramp  and  enter'^this 
value  in  the  appropriate  space 
.on  Worksheet  VI-1.  Esti- 
mations to  the  ne'aresj:  centi- 
meter  are  de*sirable.  Then 
they  should  measure  the  force 
heeded   to  lift  the  book  and 
record  this  value.  Because 
they  will   later  confpare  the. 
*work  needed 'to  lift  the  book 
with  that  required  to  sli.de 
it  up  the  ramp  'to   the  same 
height/  'the  children  should 
measure  it  as  ccirefully  as*  ^ 
t^ey  can.     When   the  force  and 
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Activities   should   lead  them  to 
suggest   lifting  it.     Some,  may 
also  suggest  pushing  the  book 
up  thfe  ramp.     While  both  methods 
are   satisfactory,  cohc'entrate 
initially  on  the  suggestion 
iof   lifting  the  book  straight^ 
n^   from  the  floor. 


The   surface  of  the  aluminum 
foil  should  be   as     rink le-f r ee 
as  possible . 


J> 


By, now  the   children  should  have 
no  difficulty  measuring  the 
lifting   force  with  the  spring 
scale  and  the  distance  with  a 
ruler. 
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WORKSHEET  VI- 1 


Name: 


00 


1  — 

 ^  7 

• 

straight'  up 

ALONG   THE  RAMP 

ALONG   THE    RAMP  ' 

I 

: 

(1) 

.  (2) 

FORCE   NEEDED  TO 

MOVE  BOOK 

« 

1 

DISTANCE   MOVED  FROM 

FLOOR   TO   TOP    OF  RAMP 

c 

•  .  s 

WORK  DONE    (F   X  D) 

0 

V 

• 

♦ 

* 

• 
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'  responsibttity  for  coordinating  the  use  of  local  arts  resources  in  arts  education 
be  assumed  by  the  state  arts  council  in  cooperation  with  local  arts  councils.'' 
W0  want  to  see  "regional  clearinghouses  created  to  provide  information  about 
w^source  personnel  and^  materials,  model  programs,  co-operative  ventures, '  and 
^fljdanclng  altema-tiv^"  Wherever  possible,  we  want  to  promote  assistance  to^ 
**tho«e  communis  ^rts  organizations  'which  reflect  excellence  in  the  art  forma* 
of  minority  people,  and  which  &erve  the  ill,  the  is(;flated,  and  fhe  hapdicapped.'* 
The  critical  issue  here  is  the  waste  of  opportunities  and  human  resources  €hftt 
is  n5w  talcing  place.  The  challenge  command  us  to  broaden  our  Imse,  to  btirst 
out  of  our  iiarrow  specialities.  We  are  talking  about  a't^tew  interaction — with 
the  other  arts,  with  artists,  bietween  different  ethnic  groups,  sOther  teachers  and 
administrators,  and  with  the  entire  community.  To  the  degree , we  succeed,  we 
will  add«  an  important  hutnanizing  dimension  to  Am^ican  education.  Wouldn't 
it  be  great,  if  you  could  remember  your  own  education  that  wa:r? 

Mr.  KocKEFELLER.  One  of  tlie  finest' points  of  working  with  this  panel 
is  the  sense  of  dedication  of  the  individual  panel  members.  Perhaps  , 
some  of  that  has  come  acro^  to  yputhis^moming.  ♦ 

Our  next  and  final  speaker  is  Edward  K.  Hamilton^  who  took  the 
^'red  eye"  special  from  Los  Angeles  overnight,  to  be  wi£h  us.  MrT 
Hamilton  is  f oi^ner  deputy  mayor  of  New  York  City,  and  is  curreixtly 
.amanagenientconsultant  on  the  we^  coast  , 

SIAT£|(£NT  OF  EDWABS  K  HAUILTOir,  FBESIBENT,  GEIFFEN- 
*  HAOEH-KBOEOEE,  INC. ;  AND  JOEMEE  DEPUTY^  MAYOE,  HEW 
YOB|:CITY*  •  ^  i 

Mr*  Hamilton.  Thank  you,  Mr,  Chairman.  '  - 

In  this  discussion,  the  issue  arises,  of  course,  how  much  and  under 
what  circumstances  are  arts  likely  to  be  able  to  compete  for  resources 
in  order  to  get  the  kinds  of  things  to  happen,  in  larger  numbers  ^d 
greater  richness,  thieit  we  Jiave  tried  to  describe  this  morning* 

J  suppose  that  to  a  bitdgetee  or  somebody  who  allocates  money,  the 
interestu^  thing  about  the  discussion  this  morning  is  that  it  would  ^ 
be  very  difficult  to  produce  a  paneFthat  would  counter  these  ar^umegLts, ' 
It  is  vjery  hard  to  find  anyone  agaiflst  arts  in  ^ucation j  or  against  arts 
in'^neraL  '  .       .  • 

T?he  difficulty  is  not  that  there  is  a  lack  of  public  oommitnient.  As 
Mr..lSingham  said,  polls  seem  to  inmcate  that  there  is  a  cpnsidersWe 
innate  public  commitment  to  the  arts;  the  difliculty  is  in  translating 
that  into  something  which^will  express  this  commitment  on  an  ongoiijg 
^basis,  year  after  year,  througlTthe  allocation  mechanism  by  which  we 
try  to  figure  out  what  our  national  priorities  are,  and  vh^at  we  are 
going  to  put  behind  them.  The  issue  is  whether  arts  in  education^  in 
fact,  *can  hold  theit  own,  and  perhaps  progress.       -  • 

I  think  that  if  we  were  to  take  a  realistic  outlook  at  the  moment,  we 
would  have  to  say  that  unless  thete  is  some  conscious  effort  to  keep 
arts^and  education  in  a  reasonably^  high  priority  mode,  or. for  that  ' 
matter  to  increase  it  substantially,  it  very  likely  yill  lose  ground,' It 
will  lose  ground,  essentially,  for  two  reasons. 

One,  because  education  finance  in  the  United  States  is- under  severe 
pressure,  as  Mr/Brademas  knows  probably  better  than  any  of  us.  We 
are  in  a  r&cen^hing  mode.  We  have  a  great  many  facilities  as  com- 
pared with  the  number  of  ch'ildren.  The  demographic  trends  are  not 
such  thatrone  would  expect  to  see  a  stable  picture*in  education  financ- 
.  ing  as  one  looks  across  the  board. 


MINISEQUENCE  VI/Activity  3 


•TEACHING  SE.QUENCE- 

distance  data  have  been  col- 
lected by  each^team,   the  team  ' 
members  should  calculate  the 
work  done  on  the  book  and 

'    enter   the  value  on  the  Wqrk- 

J  sheet . ^ 

Now  have   €he  children  practice 
pulling  the  book  up  the  ramp 
with  the  scale   so  that  it 
"moves   up  slowly  at   fairly  con-, 
's  tant  speed .     Wh^n  they  have 
learned  the   technique  of  pull- 
ing the  book  up* the  incline, 
•the   force  should  be  measured 
.and  recorded  on  the  Worksheet. 
The   length  of  the   ramp  should 
also  be  measured  and  recorded. 
With  the   force  'and  distance 
known,   h^e   them  calculate  ^and 
record  the  work  done   in  pull-  - 
ing  the  book  to  the. top  of  thp 
incline  in  the   second  column 
(2)   on  the  Worksheet. 

Through  the   discussion  the 
children  should  realize  that  •  : 
although  the  paths,  taken  by 
the  book  were   different,  it 
was  raised' to  the  same  height 
in  both  cases. 

'  ♦  How\does   the  amount  of  work 
done  ;Ln  the  two  cases  com- 
pare? 
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While   some  may  assume  that  the 
differen'ce   in  amounts  of  work 
is  perfectly  acceptable, 
others  may  point  out  that  in 
both  cas-es  the  book  was  raised 
to  the,  same  height,   and  there- 
for-e  the  work  done  on  the  book 
should  be   the  same.     Ask  if 
they  can  account  for*  the  dif- 
f  e  r enc  e  , 


COMMENTARY, 


The  piill  should  be.  steady,  with' 
as  little  jerkin6ss  as  possible, 
to  get  the  best  reading. 


Their. Worksheets   should  show 
that  more  work  was   done   in  pull- 
ii^9  \the  boTok  up  '  the   ramp  than 
Ln   lifting   it  vertically  to  the 
same  heigh];,    despite  the^fcact 
that   the   Lifting   force  was  less, 
A  sample   filled-in  Worksheet. 


is  shown  on  ^di(^e  421. 


r 


Bemembering  the  previous  Activ- 
ity,  wher^  part  of  the  work  put 
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MINISEQUENCE  VI/Activity  3' 


TEACHING  SEQUENCE 


J 


•  How  coul.d  y^ou  s  Tide   the  book 
up  the  ramp  so  that  less 
work  is  converted  to  heat 
energy? 

show  the  children  how  to- 
lubricate  the  ramps  and 
(wrapped),  books  asing  the 
powdered  graphite.  This 
^should  be  done  by  sq^d^i.ng 
a  small  amount  of ^ the  powder 
on  a  piece  of  f^ac ial  tissue 
or  pap^r   towel  and  lightly 
rubbin»g  it  over  the  aluminum 
foil.     Vfh^n  the  surfacers  are 
well   lubricated;   have   the      n  \ 
children,  repeat  the  part  of 
the^  activity  in  which   the  book 
iS->jpulled  up  the   ram^^.  They 
need  on'ly  'make  a  new  measure- 
ment of   the   foSrce  required, 
since  the  distan.ce  will  be 
the   same.     HaVe  them  record 
their  data  ^pd  calculate  the 
work  done  ip  the   third  column 
(3)    on  the'  Worksheet . 

•  How  does   the  amoilnt  of  work' 
done  on  t/he^  system  com'pare 
this  time)?     .  ' 


!?9MMENTARy 


into   the   system  was  converted 
to  heat  energy  through  f r ic- 
tion;  ^they  are   likely  to  say 
that   the  *book  "rubbed"  against 
the   inc}.ine:     hence  more  work 
had  to  be  done  because  of » fric- 
tion here  also.     Be  sure  the 
children  understand  the  di'stin'c- 
'tion  between  the, amount  of  work  ' 
put   into   a  system  and  the  amount- 
of  work  done  on  the  object  it- 
self. 

Probably   someone  will  suggest 
i:^ing  a   lubricant  of  some  kind. 


The  si\rfaces   can  also  be  lu- 
bri^at^d   simply  by  wetting  them- 
with  water;   but   this   is  not  as 
"goQd  a  lubricant  as  graphite. 

To  distribute  the  graphite, 
spray  or  squeeze  a  small  amount 
on  a  tissue   for  each  pair  of 
children.     Th*ey  can  then  wipe 
it' lightly  over   the   foil  th4m- 
selves.      The   graphite  .could  . 
also^be  put  directly  on^ the 
foil  and   then  wiped  around. 
In  -either  case,   care  should  be- 
taken in  ^spreading  the  powder,^ 
because   it  tends  to  soil  the 
hands  and  clothin'gj.  ' 


When  they  compare  the  work 
done  .in  pulling  the  book  up 
the   lubricated  ramp  wi th  that 
required  when  the  ramp  was  not 
lubricated;  vthey  should  con- 
clude that  there  was   less  work 
done   ound  thus  less   friction  in 
the   case   of   the   lubricated  • 
ramp.     Cojpsequently  less  work 
was   converted  to  heat  energy. 
In  oth^r  wd^rdS;    not  as  much 
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WORKSHEET  VI-1 


\ 


Name 


^  * 

STRAIGHT  UP 

ALONG  THE   RA>!P  • 
(1) 

;•/■  ■ 

ALONG  THE  RAMP 
(2) 

If 

FORCE  NEEDED  TO 
MOVE  BOOK 

-XIO'2- 

u 

DISTANCE   MOVED  FROM 
FLOOR 'to  top   of   RAMP  ^ 

*  2-5^"  Ova/ 

WORK   DONE    (F   X  D) 
•  * 

/3130. 

■8820.- 

I  am  open  minded  myself  to  these  several  ideas,  but  I  confess  that 
I  have  a  reservation  vith  respect  to  puttiB&g  cultural  affairs  within  a 
cabinet  level  position  so  far  as  the  Federal  Government  is  concerned. 
Thia  reason  I  say  that  is  at  least  twofold.  We,  on  this  committee,  who 
are  responsible  for  the  Arts  Endowment  •and  the  Humanities  Endow- 
ment, nave  really  bent  over  backward  to  avoid  trying  to  dictate  the 
specific  implementation  of  the  law  because  we  are  very  sensitfve  to 
t,political  control  of  the  arts.  ' 

/  There  is  always  a  danger,  and  I  don't  make  this  point  to  be  critical 
of  the  Arts  Endowment  of  which,/as  you  know,  I  am  an  enthusiastic 
supporter,  but  there  is  always  a  danger  in  having  appointed  Persons 
^  andlhose  who  may  be  making  decisions  being  without  the  same  kind 
of  accountability  and  perhaps  the  same  degree  of  accountability  as 
people  who  have  to  getelected.  -  ^ 

Again  I  Ipok  at  Eastern  Europe,  and  I  look  at  arts  policy  in  fKT 
Communist  world — I  am  not  usually  considered  as  a  Neaiiderthal 
conservative — I  really  have  certain  apprehensions  about  locating  deci- 
sionmaking  responsibility  for  k\i  arts  policy,  dt  least  so  far  eis  the 
Federal  Government  is  concerned,  in  one  department  '   '  ^ 

Maybe  there  is  something  to  be  said  for  ^ing  somewhat  messy  about 
*  it,  and  haying  responsibility  spread  all  over  the  lot,  which  in  fact  is 
the  pi*esent  pattern.  The  Smithsonian  makes  art  policy.  The  Arts 
Endowment  makes  art  policy:  Various  museums  make  art  policy. 

Mr,  Hamilton  was  right  on  target,  if  I  xmderstood  him  right,  when 
he  said  that  we  should  hav^  a  concerted  debate  'oji  this  whole  question, 
'  Would  you  like  to  allay  my  f eais  ?  %  * 

Mn  K'oCKEFELLER.  Maybe  I. could  respond  initially,  and  then^if  Mr. 
Hamilton  woUld  like  to  respond  further. 

The  question  of  a  separate  Department  of  Education  went  through 
a  munber  of  chans^es  during  the  course  pf  the  panel's  study.  Although 
orijrinally  we  did  recommend  that  the  department  contain  cultunfl 
affairs,  that'portion  was  stmck  in  the  final  di^ft.  ^  ' 

Ittwas  our  feeling  that  we  shoiild  not  take  the  position  as  to  whether 
a  separate  department  of  education  should  contain  cultural  policy. 
It  was,  by  the  way.  the  only  issue,  the  only -recommendation  in  which 
there  was.  serious  dissent  from  a  number  of  the  individual  panelists. 
T  think  that  it  is  in  this  spirit  that  Mr.  Hamilton  spoke. 

The  attitude  about  the  Departjnent  of  Education,  is  that  both  tjie 
..arts  and  edilcation.  and  education  f^enerally,  need  a  higher  priority  in 
Federal  fimdincr.  It  was  the  majority  feeling:,  but  not  the  100  percent 
feefin«r  of  the  paneK  that  a  separate  department  would  be  a  way  of 
getting  that  hicrher  priority.    .         *  . 

We  recommend*  in  addition,  that  a  special  advisor  f5r  the  arts  in 
education  be  appointed  to  serve  the  Secretary  of  HEW,  now  the 
Secretary  of  Education  if  a  separate  Department  of  Education  should 
be  established.  -       •  . 

Mr.  H^milon.  would  vou  cafe  to  respond  ? 

Mr.  Hamtt.tov.  I  was  one  of  those  who  felt  that  the  case  was  not 
Proven  to  break  out  the  Office  of  Education  and  make  it  a  sej)arate 
department.  I  want  to  make  it  clear,  though,  that  astroniTjjnajority  on* 
th'^i^anel  did  not  feel  thnt\vay*       *  '  - 

*MV  own  view*  for  whatever  it  is  worth,  is  that  the  issue  is  not  so 
much  whether  a  department  level  or  cabinet  trappings  are  given  to 


MINISEQUENCE  VI/Activity  3 


TEACHING  Sequence 


ERIC 


•  How  could  the  frictioi 
reduced  still  f'urthen? 


•  What  shape  object  would  pro-- 
*vide  a  smaller  amount  of 
.surface  in  contact  with  the 
ramp? 


2.     W^^th  the  ramps   still  set 
up',   the  children  should  now 
retrieve  the  l^jd  balls  and 
attached   fifehing  line  which, 
tliey  used  iA  the  previou's  Ac- 
^tivity.      In/each  case  the  long 
fishing  line  should  be  untied 
from  the  ball  and  the  ball 
retied'  to  a   shprt  \ength  of 
•string,   as  with  the  bt>ak .  'The 
Jiail   should,  then  be  reattached 
to -the  spring  scale  and  Work»- 
sheet^yi-2  distributed. 

The  procedure   is  identical  t"^^ 
that  used  in  Section  1   of  the 
Activity.     The^  children  -should 
fcompare   the  work  .needed  tg 
pull  the' ball   up  the  ramp  sys- 
tem to  a  given  height  with 
that  done  on  the  same^ball  in 
1  if  ting   j^t  vertical  ly  to  th-e 
same'height. 
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COMMENTARY 


mechanical   energy  is  "lost" 
when  friction  is  reduced. "  ,  - 

Help  the   children  to   see'  that 
*if  the  amount  o3^  surface  areas 
•  in  contact  with  feacia  other  was 
reduced,   there  Would  be.  less 
rubbing  of  one   a^aintt  the 
other, and  consequently  less 
energy  lost  as  heat. 

o  > 

A  sphere^  -such  as  -a  ,lead  ball, 
^would  provide  a  much  smaller 
surface  area  in  contact  with 
the  ramp  than  a   flat  object  » 
like  a  book.  ' 

ft 

The  wrapped  books  can  be  set 
aside •      .  . 


■  The   fishing   line^ojild  be  ^ 
saved   for  use   in  Afctivity'4, 
where^ it  will  be  u^ed  to  make 
a  pendulum,  ^  * 


Instead  of  the  bpok,    the  chil- 
dren will  pu-11   the  ball  up  the 
ramp  ;  •  therejjy  minimizing  the 
effect  of   fricti,on    (the  ball 
is'  smooth  and  contacts  only  '  . 

^a  small'arjB'a  on  the  ramp),  in 
this   system  only  a  very  small 
amount?  of  ^ork   is  '  converj^ed 
to  heat^  energy. 

Comparing  the^work  done  should 
r^ve&j.  that'1:here  is   a  minimal 
or  "loss"  of  mechan- 
energy  to  heat  energy 
when  the  ball  is  pulled  up  the 
ramp .      Once   aga in ,   he Ip  the 
class   to  und ex stand  that  when  ^ 
an^object^is   raised,    its  gaiii 
in  pO'tential   energy  is  related^^ 
only  to   the  vertical  distance 


convers ion 
ical 


WORKSHEET  VI -2 


Name : 


STRAIGHT •up 

* 

4 

.    ALONG   THE  RAMP 

FORCE   NEEDED  TO 
'    MQVE   ME^AL  ^ALL 

-   *      >  ^ 

DISTANCE   MOVED  FROM 
FLOOR  TO   TOP   OF  RAMP 

f 

**  • 

^  WORK^  DONE    (F   X  D) 

—  '  

■  A 


9 


ERIC 


^iNlSEQUENCE-yi/Activity  3 


TEACHING  SEQUENCE 


Some  chiljiren  may  want  to  try 
lubricating  the  surface  o-f  the 
ramp  in  or.der   to  decrease  tjie 
fricticm  even  further.  They- 
should  be j encouraged  to  try 
it.     However,   pulling  the  ball 
UP  the;  lubricated  ramp  will  v. 
^probably  not .result  in  any 
meas urable   difference^  in  the 
work  done  as   compared  wi^h  the 
unlubricated  sur'face. 


Finally, ^ask  the  children  to 
imagine   that  all   the  frict:ion- 
al   losses  were  removed. 

•  How  much  ^work  would  then  be 
'   required   to  slide   the  ball 
up  the  ramp  compared  with 
the  amount  needed  to  lift 
it  vertically? 


r 

ERIC 


COMMENT-ARY 


through  which,  it  is  moyed,  and 
not   to  the  p^th  takenl 

Tha  truly  relevant  factor  is 
the  work  done  on  the^  ball  rather 
than  on  the  system  with  which  it 
it  may  be  associated. 


The  object  touches   the  ramp 
in  too   small   an  area  anyhow-'-  ' 
theoretically  in  one*.point 
only  in  the   cage  of  a  ball.  n 
But   tihey  wi'l  1  have/  reduced  * 
the   Miction  still   further  and 
can  again  conclude*that  in  the 
absence  'of  friction  there  would 
be  no  difference  in  the  work 
'requii?>ed  to   lift  the  object 
vertically  and  rta  slide  it  up 
the.ramp\£o  the   same  height. 


Help  them  to  'unders^ai;id  that 
the  work  should  then  be  the 
samg^  in  b^th  cases.     That  is, 
no  work  woul d  be  converted  to 


heat . 
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MINISEQUENCE  VI/Activity-  3 


B^XTENDED  EXPERIENCE: 


■A 


Some  children  may  be   interested  in   investigating  the  effect  o§ 
using  sandpaper  to   increase  the  friction.     They  could  tape  a 
piece  of  sandpapfer  to  the  bottom  surface 'of  the  wrapped  book 
and  determine  the  amount  of  work  necessary  to  pull   it  up  the 
ramp. 


MINISEQUENCE  VI/Activity  4     *  - 


Activity  4    '  The  Balttstic  Pendulum 


J 


In  Activity   3   the. children   found  that  by^oing  work  on  an  object, 
they   could  increase   its  potential   en^gy--that   is,    raise'  it  above 
the  table   top;     By  applying  a   force   vertically    (upward)',    all  the 
work   done  went   into   increasing  the  potential   energy  because  there^ 
was  no  friction;    when   the   force  was  applied   so  as   to   slide  the- 
object  up  a  ramp   to   the   s^me  height    (hence   the   same  potential 
energy),    they   found   that. more  work  was   required  because  of  fric- 
tion  between   the  object  and   the   ramp.     They  also   found  that  this 
frictional   "loss"   could# be   decreased  by   lubricating  the  surfaces 
and  by  inferejice   concluded   that   in   the  absence  of   friction/ there 
would  be   no  difference   i'nr.the  work.  required\to  lift  the  object 
vertically  or   slide   it  up^the   ramp   to  the  same  height.  ♦ 


The  present  Activity  deals'  with   the   inverse  probleVn,    that  is, 
g*iyen  an  object    (a  pendulum  bob)^with  potential  energy,    how  can 
it  be  used^\o  do  mechanical  work?     At  one  point  the  children 
considered  wh^at  a   falling  ball  could  do   to  a  piece  of  clay. 
Here,    they  wilNL   find   that   by  allowing  the  pendulum  ball    (bob)  . 
to  swing  downwaVds ,    the'  potential   energy  of   the  bob  is  con-verted 
to  kinetic  energy\as   it   swings   down.     At  ^he^bo*ttom,    it  will  be 
moving  mo  s  t  ^  r  a^i3lryi    hence   it  has  gr'eatest  kine1:ic  "eneTrgy  which 
can^then  db  work:      if  allowed  to   strike  an  object^at   the  bottom 
of  its  sv^^g,    tihe  b'ob  will   caiise   the  object   to  move   through  some 
distance.    . They\ wil 1   fand   that   the  greater, the  potential  energy 
of  the  bob   (i.^^,;the  greater   the  height   from  which   it   is  re- 
leased), ,the  more  work   it   can  do  when  its   energy  is  converted 
to  kinetic  ep^rgy.  * 


This   Activity,,  dealing  as   it  does  with   the   conversion  of  poten- 
tial  to  kinetic  energy,   prepares   the  class   for   the  next  an<3 
final  Activity,   which   involves  *the   repeated   interconvers  ion  ^of 
potential  and  kinetic  energy  in  a   freely  swinging  pendulum. 

MATERIALS.  AND  EQUIPMENT:  '  -  - 

FoV  each  pair  of^  children: 


4-oz  or  2-oz  lead  ball  attached  to  -a  3- 
nylon  fish^ing  line    (as   in  'Activity  2) 


length  o  f - 


wooden  block  about  2  by  2  by  4  in.  (5  dm  by  5  cm  by  '  • 
10  cm)  ,    or  other  'similar   f lat-si-djed  object 

30-cm  rulers  ^  .  ^ 


ERIC 
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MINISEQUENCE  Vt/Activity  4 

1  paperbound  book  or  magazine*  without  protruding  covers 

2  ^  Worksheets  VI-3 


PREPARATION  FOR  TEACHING:  . 

A  demonstration  setup  of  the  apparatus  ,shown  on  page  428  will 
help  the  children  ^to   assemble,  their  own.     The  pendulum  is-sus 
pended  by. putting  its   line   through  a  paperbqund  book  or  heavy 
magazine  which  does  not, have  a  pro trading , cover .    Vhe  Tine 
should  be   laid  along   the   spine   so  'that,   when   the  bobk  is 
closedv    the  line   is   held   firmly  but  is  easily  adjusted.  The 
aine   should  .not  rub  agains^t  th'e  pages  of   the  book  any  m©re  th, 
necessary.  '   For  this   reason  the  line   should  be   inserted  towaj^ds 
the  bottom  of   the  book.     The  children  may   find   that' the  line 
is  displaced  as  part  of  the  reaction  when  the  pendulum  hits 
the  iTlock.     A  piece  of  ta^e  on  the  pages   next   to- where  the 
string  emerges   from  the  book  will  prevent  this  displacement. 

Two   rulers   serve  as   guides   for  the  block  as   well  as   a  means  , for 
measuring  the   distance  that   it  moves.     When   the   pendulum  is 
lined  Up  with   the  block,    tl>e_twa^hould  be  barely  touching'as 
the  p.endulum^  hangs  ve rtica lly^ 


Prepare  a  sufficient  number  *of  cjppies  of  Worksheet  VI-3 
for  each'childj. 


(one 


1^ 


ALLOCATION   OF   TIME:  - 
The  children  will   need  about  an  hour'  to  complete  this  AcTtivity, 


TEACHING  SEQUENCE 


1.     Have  'the  teams  assemble 
th,eir  .apparatus,.     Then  begin 
the   discussion  by   asking  .how 
th>e.,  block  .can  be  made   to  move 


What  must  be  done  to  the 
Jendulum^bob   in  order  ^or 
it   to  acquire   enough  kinetic 
energy  to  move  the  block? 
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COMMENTARY 


The   children  probably  discovered 
*Hwhile  setting  up  their  apparatus 
that   tehe  block  can,  be  moved  if 
the  pipdulum  bob  is  allowed  to 
'swing  and  collide  with  it.- 

Jrhey. should  r^ealize  >hat  work 
must  be  done  \so   increase  its, 
potential  energy*-ai\d  that.i-ts 
potential   energy  will  then 
change  to  kinetic  energy  a^ 
the  bob  is**released  and  starts 
its  swin^g. 
^         ^  4^ 
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^MINISEQUENCE  ^VI/Activity  4 


TEACHING  SEQUENCE 


COM^IENTARY 


Thes^hildren  should  practice 
lifting  the  ball,   keeping  the^ 
line 'taut, ^  and   then  releasing 
the  ba'll,   until   they  are  able 
to  hit  the   end  of  the  tjlqck 
squarely ; 

At   this  point,  .distribute  a 
Worksheet   to   each  chMd*  The 
ball  should  first  'b^  ^ulLed 
back  from  the  block  unt il  it 
is   5  cm  higher    (d  =   5  cm)  than 
its  position  at  rest  and'  then 
released  to  collide  with  feha 
block.  ^  I'he  distance   the  block 
moves  should  then  be  measured^ 


The  ball  shoulcj  be  pull^ed 
straight  back:  with?)vit  twisting 
the  string". 


Note   that  th,e  distance,   d,  is 
measured  v'e r t i c a  1 1  y  as       o w n 
in  the   illu^s^tra t ion  on  page  430» 
The   third  ruler  ^can  be  used  to 
make   the  meafsureiirfelit ♦  -  ™ey 
might  'find  it  even,  easier  to 
make  a  free   standing  charj:  with 
5,    10^^  15,    20  and  25  cm  mark-'  . 
ings   Q7\,  i  t  ia^d  .si^i^ply  p4^1  the 
pendulum  bob   to  the  appropriate 
height  ,each   time'.  ^ 


428 


439 


p  > 

<K  ^  \ 


WORKSHEET  VI- 3 


Name : 


.4/10 


ERIC 


TRIAL 
• 

HEIGHT  OF  BOB 
BEFORE  RELEASED 

RELATIVE  POTENTIAL 
ENERGY    BEFORE  RELEASED 

RELATIVE    SPEED  OR 
•KINETIC   ENERGY  AT 
BOTTOM.  OF  SWING 

AVERAGE 
DISTANCE 
^  BLOCK  MOVED 

1,  » 

i 

\ 

*  • 

-^^  ^ 

■    N  , 
/'     ■     •  ■  ■ 

J 

> 

/ 

f  « 
■a 

 c — 

y 

> 

* 

\ 

•  • 

 X  

^  ■ 

• 
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Written  Statement  of  Samuel  Hope 
May  2S,  1977 
Page  S 


We  believe  that  arts  educators*  throughout  the  nation  recognize  and  fiJl^ 
appreciate  the  great  resources  and  contributions  of  professional  artists 
and  arts  patrons,  not  only  in  the  cultural  forum  but  also  in  the  govern- 
ment forum  provided  them  during  the  last  decade.    However,  it  is  unfortimate 
that  during  the  past  decade,  individuals  representative  of  general  and  ' 
professionalveducation  in  the  arts  and  the  national  organizations  of 
these  individuals  have  been  afforded  only  minimal  participation  in 
shaping  Federal  arts  policies,  even  those  whicli  deal  substantially^ with 
education* 

In  the  policy  planning  oi  the  National  Council  on  the  Arts,  the  arts 
education  organizations  have  been  virtually  bypassed.    In  the  past  two 
years  none  of  the  organizations  for  which  I  am  speaking  have  ever  been 
asked  to  participate  in  any  policy  discussion,  nor  have  their  views  been 
solicited  in  any  form  as  contributions  to  an  on-going  discussion.  These 
organizations  represent  the  accrediting  agencies  for  art  and  music 
reci^ized  by'^e  U.S.  Office  of  Education  and  the  Council  on  Postsecondary 
Accreditation,  and  the  associations  representing  stu4io  music  teachers 
and  college  ai>d  university  music  faculties.    These  individuals  and 
institutioijs  train  both  professional  artists  and  educators  in  the  arts.  " 

-A:l though  the  development  of  the  Report  and- Recommendations  of  the  Panel 
oil  Arts,  Education,  and  Americans  included  conversations  with  a  broad 
range  of  afts  educators,  the  Panel  also  bypassed  these  national  organizations 
in  the  crucial  process  of  developing  the  language  of  policy  recommenda- 
tions which  could  affect  the  livelihood  of  thousands  of  educators  in  the 
arts  and  perhaps  do  profowid  damage  to  positive  programs  which  have  been 
buiU  after  many  years  of  work. 

•  '  ... 

If  the  go^  of  developing  greater  emphasis  on  the  arts" in  education 

is,  S  be  accomplished  and  a  rational  policy  is  to  be  developed  to  achieve 

this  goal,  it  is  crucial  that  these  attitudes  be  reversed  and  that  the 

resources  available  in  th^ community  of  arts  educators  be  joined  with 

those  of  the  other  two  laajor  constituencies  on  an  equal -basis  and  inn 

structure  which  induces  cooperation  rather  than  polarization. 

Wfe  estiifiate  tha^  the  «rts  education  constituency  represents  approximately 
150,000  professionally-trained  and  engaged  arts  educators.    Using  a  medi^ 
salary  of  SlSfSoO  per  year  this  repesents  a  $2.45  billion  investment,  in'^ 
the  future  oF^nerican  art  with  almost  none  of  the  total  being  funded  ' 
by  the  Federa^^qyemment.    In  addition,  the  institutions  and  facilities  ^ 
in  which  thesj^ndividuj^ls  work  represent  additional  financial*  contributions 
in  buildings        equipment,  stage  presentations,  concerts,  exhibit  space, 
etc.  that  vor^  add  considerably  tp  the  previous  figure.    In  fipancial  ^' 
terms  alone  i]t?i!Would  seom  that  the  total  annual  contribution  made  by  the 
coanmity  ^  liberal  and^  professional  educators  in  the  arts  would  speak 


for  itselfx(ni^ming  its  importance,  especially  when  compared  to  the 
total  FcderaJ^pnual  authorization! for  the  arts,  some  $90  railUt>n  for 
1977.    ,  W 


■5 


MfNI SEQUENCE  VI/Activity  4 


TEACHING  SEQUENCE 


Help   the  children  to  realize 
that  work   is  done  on  the  block 
when  the  bob  strikes  it  aqd 
sets   it  'sliding  ac'ross'the 
f  loo-r  .  ?  ' 

•  Why^  is  work   required  to 
move  the  block  'along  vthe 
floor? 


Suggest  that  the  chil 


repeat  the   experiment  WVeral 
times   so  that   the  average 
distance  the  block  moves  can 
be  determined^.and  recorded  on 
the  Worksheet, 


1 . 
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They  may  be  reminded  of  their 
work  with  the  marbie  and  cup- 
sled   in  Minisequence   II  o'f 
Grade  5/    if   they  hadthose 
experiences'. 

Because  'of   frictio'n  between* 
the   bottom  of   th^  block  and, 
the   floor.     Note   that  the  po- 
tential  energy  of  the  block 
remains   unchanged.     Hence  all* 
t^e  work   is   expended  in  over- 
coming friction,    i,e.,   is  con- 
ve'rted  to  heat  energy. 

It   is   suggested   that  at  least 
three  measurements  be'maderfor 
each  hej.ght  o^  the  pendulum 
and   then  averaged,    'Any  measure- 
me'nts  where   t*he  block  moved 
sideways   anfi  bumped  the  rulers 
because  "it  was  not  hit  squarely 
should  ^be  ^discarded.     Also,  ^ITe 
chil dr en   should  be  sure  the 
starting,  position  of   the  block 
with  respect,  t^   the  rulers  is 
the   same   for  all   trials;  Since 
some  rulers  do  not  start  at  0, 
^ou  might  consider  placing  the 
block  at   1  and  reading  the 


1    '  MINISEQUENGE  VI/Activity  4 


TEACHING  SEQUENCE 


•  How  fast  was   the  bob  rfoving 
just  before  collision? 


This  qualitative  assessment,  of 
its   speed  should  be  enterfed 
on'  the   Worksheet  either  liow 
ox  after  comparison  with  the 
speed  in  .Trial   2 . 

Ask  the  children  to  consider 
the  potential  energy. of  the 
bob  at   the  time   it  ^as  re- 
leased.    They  should  recalj., 
from  the  pr eceding'^Ac t i vi ty  , 
that  the  added  potential  en- 
ergy is   directly   related'  to  » 
thfe  vertical  height  through 
which  it  w^s   rais.ed  and  not' 
o^^  the  path   taken  b*y   it.  A 
qualitative   description  of 
the  potential  energy  of  the 
bob  before,  release  should 
also  be   entered  on  the. Work- 
sheet either  now  or  later. 

'  •  What   is   the  potential  energy 
of  the  bob  at  ^t^e  bottom  of 
its  swing? 


The   children  should  now  re- 
lease the^bob  from  a  height 
10  cm  above   its   rest  position. 
Have  them  enter  on  th'eir  Work- 
sheet the^new  average  distance 
the  block  moves.     If  neces- 
-sary,   discuss  again  the 


COMMENTARY 


distance  it  mo'ves   froiji  there. 
As   in  Grade   5,    it  would  be 
helpful   to  -check  the  readijigs 
by  placing'  4  card  against  the 
face  of   the  block/  and  across 
one  of  the  rulers.      Read  to 
thenearestO.lcm. 

The   children  should  eventually 
realize   that  the  speed  of  the 
bob,    and  .hence   its  kinetic 
energy,   was   relatively  small} 
You  may  want   to  withhold 
discussion  of  the  relative  ' 
, kinetic  and  pot'ential  energy 
of  the  bob  for   each   trial  until 
the   experiment   is   com^pl e ted  . 
They  should  then  be  able  to 
make   the  comparisons  necessary 
to  see  that  the  greater,  the 
height  of  the  bob  before   it  was 
released;    the  greater  its  po- 
tential  and  kinetic  energy* 


Qualitatively,   when  -the  bob 
is-  raised  only   5  cm,    its  p*- 
tjintial   energy  is   small,    like  ' 
its  kinetic  energy   at  the  bot- 
tom of  its  swing. 

The   children  should   realize  ' 
that  while   the  bob  still-  has 
potential  energy  with  respect 
to  a   surface  below  It    (if  the 
fishing  line  were  cut,    the  ball 
would  fall^  and  could  do  work)  , 
the   system  has   reached  its 
low est  possible  potential 
energy. 
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TRIAL 

1 

HEIGHT   OF  BOB 
BEFORE   RELEASED  ^ 

* 

'  RELATIVE  POTENTIAL 
ENERGY   BEFORE  RE^LEASED 

RELATIVE    SPEED  OR 
^KINETIC   ENERGY  AT 
BOTTOM  OF  SWING 

AVERAGE 

'i^  JL  O  X  rli>l  ^  £j 

^  '  BLOCK  MOVED' 

1  . 

2 

/O  JZ^  ■ 

3 

4 

 \  -^-^c  

thjuoSt  3 

\ 

f 

> 

* 
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Written  Statement  of  SamOel  Hope 
.May  25,  l$77 
♦Pa^e  9 


sector  and  the  pitivate  sector  in  a  cooperative  effort  to  develop, such  a 
*plan.   However,  if  the  oQ^rtunity  to  do  so  is  not  ^rth coming  ve  are 
prepared  to  develop  and  promulgate  a  ten -year  plan  of  our  own  within  the 
immediate  future,  .  ,  * 

Again,  Mr.  Chairman,  may  I  express  appreciation  to  you  and  your  Committee* 
for  yoiu-  kindness  in  considering  jur  presentation.    We  urge  you  and  your 
colleagues  to  join  us  in  seeking  to  achievQ*^  more?  democratic  representation 
of  views  in, the  development  of  Federal  arts  policy*. 


/ 
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MINISEQUENCE  VI/Act;ivity  4 


ErIc; 


TEACHING  SEQUENCE 


potential  and  kinetic  energy 
'of  the   system  before   the  chil- 
dren enter  their  qualitative 
assessments  of  the$e  quan-' 
tities  on  the  Worksheet. 

Have  the  children  continue  the 
procedure,-  releasing  the  ball 
from  15  cm,r  then  20  .cm,  and 
finally   from  25   cm  above  the 
rest  position,    recording  all 
data  on  their  Worksheets^. 


2,     Now  use   the  demonstration 
apparatus  -to   introduce  the 
following  line  of  discussion:. 
Remind  the  children  that  th-ey 
tiave   iaf ormation  about  the 
energy  of  the  bob  at   the  tcTp 
and  bottom  of   its   swing;  sug- 
gest  that  they  now  consider 
the  energy  of   the  bob  as  it 
moves  tKroTigh  its   curved  path.' 

Move  jthe  bob   through  its  arp 
so  tfnat  It  is   some  distance 
above  its  rest    (lowest)  posi- 
tion,  as  before.     Ask  the  i 
children  to  describe   the  po-  / 
tential  and  kinetic  energies^ 
of  the  bob  while'it  is  held 
in  this  position. 

Now  move   the  bob   through  its 
'arc  to  a  lower  position  and 
hold  it  there. 

„*^How  does   its  potential  ener- 
gy now  compare  with  what  it 
•had  in   the  higher  position? 


•  What  is  i'ts  kinetic  energy? 


Finally,    let   the  bob  hang ^ 
vert  ical ly ,    supported  only  by 
t he ' s  tring . 
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4^  . 


They  should  "now  easily  see 
that  as   the  potential  energy 
of  the  bob  is  increased,  it^ 
kinetic  energy  when  it  reaches 
the  bottom  also   increases  and 
it  moves   the  block   farther.  A 
sample  filled-in  Worksheet  is  » 
shown  on  page  432, 

All   that  will  be  needed  fot 
this  purpose  is   the  pendulum 
and  its   support.     The  block 
and  guide  rulers  can  be  set 
a^ide . 


They  should  \ealize   that  the' 
bob  has  gained  potential  energy 
bui:  ^that   s'ince   it  is   not  mov- 
ing,   it  Jias  no  kine tic  ,  energy  . 


NX  « 

It  must  be   less,    ''it   is  impor-* 
tant  tliat  they  recognize  that 
the  bob   loses  potential  energy 
as  t^it  moves   to  a  slower  posi-*  ; 
t  ion . 

Zero,  since  it  is  again  motion- 
less. 


446 


* 

I  \ 


433 


MINISEQUENCE  VI/Activity  4' 


TEACHING  SEQUENCE 


•  How^ much  potential  emergy 
does  it  now  havet? 


AgVin,   move   the  bob   to  the 
first  height  used  in   the  dem- 
onstration and  ask  the  "chil- 
.dren  to  predict  -what  will 
happen  to  the  bob  when  it 
is  released. 


•Where  is  the  P.E..a  maximum? 

•  Where  is  it  least^  ' 

•  Where  is   the  K . E /la.  maximum? 

•  where  is'  it  zero?  '      -  > 


Help  the   children   tol  uncl^r- 
st^nd  the  energy  changes  that 
occur  during   the  swlBg  —  that  - 
as  the  bob  moves   through  its 
arc/   it   loseg  P-E.   biit  garns* 
an  equivalent  amount*  of  K  .  E 
(if   there  are  no  losses  due  to. 
friction) .     At  any  point  in 
its   swing,   assuming  ,that  ener- 
gy is  conserved,  ,the  sum^ of 
the  potential  energy'  and  ki- 
netic energy   should  ^qual  the 
original  potential   enetgy  of^ 
the  bob .  .  \  . 


COMMENTARY 


Zero,   since   this   it   the  lowest 
level   the  bob  can  attain.  It 
has   no  P .  E .   wi  th"  respect  to 
this  level. 


Some  may  suggest  tht'it  will 
gain   speed  and   start  to  swing; 
others  may*  say   that  it  will 
gain   K.E.*    Both. answers  are 
carrect,   but  if  the   latter  is 
not  put  forward,   ask  them  to  - 
describe   the  K.E.   of   the  bob 
as  it. starts   to  move  through 
its   arc . 

At  i^lm   t(^p  of   its  path. 

At  the  bottom.  » 

^t,  the  bottom  of  the  swing 
vrii'ere   it   is  moving  most 
raCp  idly'. 


At  the  top, 
where   it  is 


prior  to  re-lease, 
not  moving  at  all 


Their  past  experiences  wdth 
conservation  of  heat  en.eirgy 

grasp 


should 


to 


help  them 
this   fairly ^readily 


If  they  are  able  to  reach  this 
conclusion,    they  clearly  under- 
^stand  how  energy  conservation 
may  be  applied  to  an   ii^eal  . 
mechanical   system.     The  nextJ 
Activity  wil^l   give   them  some' 
practical  ^experience  wi1;h  this„ 
concept . 
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MiJNISEQUENCE.  VI/Activit:^ ;  5 


ctivrty  5     The  Swinging  Pendulum 


In  the  previous  AcUivi tyT  .the   children  *  studied  the  mechanical 
energy  conversions/  that. occurred   as   the  pendulum  swings  through 
part  of  an  ^rc    (actually  half  its   total   swing) .      It  was  inter- 
rupted by  cblliding  with  a  block   at  a  point  when   its  kinetic 
energy  was  at  a' maximum.      Jn   the  pxesent  Activity   they  will 
study*  the  pendulum  as   it  makes  complete   swings   in   each  direc- 
tion,  observing  the  en-ergy  changes   that 'occur   throughout  its 
motion,    and  seeking  to  aecount  for  any  energy   losses.     At  the 
end  of  'the  Ac!:ivity   they  will  perform       simple  experiment,  first 
described  by  Galileo,    which  should  help   to   reinforcfe   their  ac- 
ceptance of  the  principle  of  conservation  .of  e^nerg^^-     'This  ex- 
p^srimen't^   known  as   the  Galilean  Pendulum,    is   embodied  .in  the 
COPES   logo  on   the   cover  of  the  Teacher*s   Guide.  »  ^ 

This   is   the   last  Activity   in   the''  COPES  ^program .  ,    It  seeks  to 
.bring  together  all   the  expe;:ie'nces   the  chi^ldrei)  have  had  on  thd 
concepts  of  energy  and  energy  con servation ,    arid  to  apply  these 
to  a  mechanical   system  that  is  as   nearly   ideal  as  possible-- the 
simple  pendulum.      The  children  wiij   find   in   thi-s  Activity  that 
their  earlier   inference  regarding   the   effect  of   reducin-g  fficr- 
tion   in   a  system  i^  borne  out;   mechanical   energy  appears  "to  be 
more* nearly  conserved.     Extrapolating  mentally   from  a  nearly 
ideal   sys tem ,^  such  as   the , pendulum,    to  a  perfectly  ideal  system 
then,  becomes   easder.for  them.*    If-  mechanical   energy  is  nearly 
-conserved   tn  a   s'winging  pendulum,    it   fpllow-s    th^t   if  frictional 
effects  are   sufficiently   reduced*'  in  any  mechanical   system,  that 
system  should  exhibit  nearly  perfect  energy^  conservation.  'Such 
extrapolations   from  experience,   as   is  painted  out   in   the  intro- 
duction to  the  COPES  ^program,    ar  e   charac  t  er  i  s  t  ic  of  sc-ience, 
'and  particularly  of  the  great  ideas  of  science--the  conceptual 
schemes   that   formits   cornerstone.  ^ 

MATERIALS^ AND  EQUIPMENT: 

For   each  pair  of   children:  .  j 


1     4-0?  or   2-oz  lead  ball  with  a  length  of  fishing 

line  attached 

1     paperbound  boo)c^  or  heavy  magazine  without  protruding 
.cover   •  • 

1     meter   stick,   or  yard  sticTc  ,  *  ,  . 
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MINI^EQUENCE  VI/Activity  5 


\    '     2     rulers,  30-cm 

masking  tape  ^ 

PREPARATION   FOR  TEACHING: 

A  demonstration  apparatus  set  up  almost  the  same  as  in  Activity 
,    4    (and  shown   in  the   illustration)   will  be  helpful   to  the  chil- 
^  dren  in  ass^embllng  their  own  apparatus  • 

> 

Th^  penduluS  pivot  at  the  book 
.should  extend  about  8  cm  out 
-  from  the  desk  or  table.  The 
nylon  line  should  be  approxi- 
mately  60   cm  long,     Usef  tape 
to  mount   the  meter  stick  on 
legs  of  the  desk  or  table,  in 
^a  horizontal  po^si tion  about 
25   cm  above   the  pendulum  bob.  ' 
Use  a   ruler  to  paeasure  th-e 
height-  of  both  ends  of  the 
m.eter  stick  above  the  floor 
^  to  make  sure-  they  are  the 
same,    i*e/,    th|e  meter  stick 
is   exactly  >.hor izontal  .  J 


ALLOCATION   OF  TIME; 


Allow  about  1-1/2  hours   to  complete   this  Ac  t ivi'E^v^^^ 


EMC 


TEACHING  SEQUENCE, 


. 1.     After  the   teams  have 
assembled   their  apparatus, 
begin   the   Activity  with  a 
brief  review  of   the  earlier 
Activities    in  -this  Minise- 
quence,   particularly  of  the 
concepts   of  work,  potent^ial 
energy  and  Icinetic  energy. 
The   children  ^should  recall 
that  4||f\e  potential  energy  of 
an  object   is  a  measure  of 
its   ability  t(j  do^work  be- 
cause of   its  position,  while 
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The  ^hildren  o-an  again  work 
in  teams  o  f  two . 


^Nln   the  previous  Activity  the 
children  observed  that  work, 
was  done  on  a  ball    (the  pendu- 
lum bo'b^  to   increase   its  P.fe. 
when   it  was   lifted  through  an 


MINISEQUENCE  VI/Activity  5 


TEA'CHIt^G'^  SEQUENCE 

the  kinetic  energy  of  an  ob- 
ject is   its  energy  of  niotion 


•  What  changes  occur  in  the 
potential  and  kinetic  ener- 
gy of  the  ball  during  its. 
n^ 


To  begin  the  actual  investi-  ^ 
gation,    suggest   that  each  team 
designate  one  member   to  ob- J 
serve  the  bob  after  the  otXer 
releases   it   from  an, elevated 
position.     Ask  the  child  who 
will  release   the  bob  to  lift' 
it   through  an  arc  as  high  as 
the  meter  stick  and  hold  it 
there. 


When  th 
the  bob 
Ask  the 
heig'ht 
on  the 
arc  . 


e  observer  is  ready, 
should  be  released, 
observer   to  note  the 
to  which   the  bob  rises 
opposite  s:^.de  of  t)i*e 


'COMMENTARY, 


arc   and  held  above  its  rest 
(lowest)    position.     They  should 
also   recall  that   tlie  bob  lo^t' 
P.E.    and  gained  jC.  E .    when,  it 
.wa^   released     At  the  bo t tom 
of.  the   swing  its   P.E.   was  at 
a  iijinimum,   while   i^ts   K.E.  was 
at  a  maximum.     They  observed 
that  work  was  done  when  the 
bob  collided  with  a  block  at 
the  bottom  of  its  swing  and 
moved  it  against   friction.  In 
shorthand  form,    t'his   could  be 
expressed  as   follows;  ' 


Work 


P  .  E 


K.  e; 


Work 


They  should   realize   that  the 
ball's  potential  energy  is 
converted  to  kinetic  energy 
while  the  ball  moves  downward 
thrdugh   its   arc . 


For   the  present,    the  chiPdren 
should  disi:egard   th'e   height  .to 
which   it   rises   irt  subsequent., 
swings. 


If   the  ball   swing^.*^wi thou t 
inteirf erence  ,   they  should  fi.nd 
t'hart   it  reaches  .practical'ly  the 
same  height   at  the^  opposite    '  y 

P'Side   of   the    first   sv^ing  as 
that*  from  which   it  was  re- 
^  leased. 
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M:i|lSEQUENCE  VI/Activity  5 


TEACHING  SEQUEf^CE 


•On  the  next  trial,    the  ob- 
server should  catch  the  balj 
when  it  reached  maximum 
height  at   the  opposite'  end  pf^ 
the  arc  anci*Tt€v4d'  it  there. 
Ask  the  children ^to  describe* 
the  energy  of  the  ball  at 
this  point . 

S-ee  if  they  can  describe  the  

energy  ,of   the  ball   at  the  bot-^ 
tom  of   the  arcyv  whei'e   it  Was 
amoving  most   rapidly.      ,  . 


Ask  them^if   they  can  ex-plain  " 
how  the  ball,  'now- being  held 
at  the  opposite  end  of  ifc'C 
arc,   acquired  its  present 
potential  energy.      That  is, 
where  did  the  T.E.   confe  from? 
The  discussion  should  develop 
the  idea  that  *its   kinetic  en-^ 
ergy  at   tKe  bottom  of  the'arc 
was  coijvferted  to  potential 
energy  as'^it  moved  up  .to  the 
top  of  the  arc   on  the  opposite 
side.      Sketch  the  illustration 
t^elow  on  the  chalkboard. 
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"^ey  ^hroA^ld  realize  that  it 
n\w  Jhias  P.E.   but 'no  K.-E. 


J!k§X.«shouJ^_jA.ajiex£L^ 
this  i)oint  it,  had  no  P,E. 
(rela^Nr^  to   its  ?est:  pQ^s^ition) 
but   that  It  had  considerable 
K .  E .  '  ' 


•V 


KE 


1 


•  How  does   the   amount  of  P.E. 
the  ball  had  at   the  begin-  V 
ning  ,of  the  swing    (PE]^J  com- 
pare to  that  at   the  end  of 

-    the  swing  (PE2)? 

If  they  do  not  conclude  thait 

4  3ar  '     ,  ^ 


since  both  positions   are  nearly 
the  same  ^height  aboVe  the  rest 
position,    they  should  conclude 
tl^at  the  P.E.   is  approximately 
the  same  at  both  points..  . 
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MINISEQUENCE  VI/ActiVity  5 


TEACHIN'G  SEQUENCE 


the  ball,  has   the   same   P.E.  in 
both  positions,   develop  the 
rde^  ^h~alr~slnce  the  tvo 
'  heights  are   the   same   the  P.E. 
must  be  the  same . 

Now  ask  ,the  children  to  rer 
lea  se   the  ball   f t om  the  oppo"", 

position)    and  observe  the 
height   to'  which   it  rises  on 
the  pther   side.  *  A^ain,  they 
should  catch   and  hold   it  when 
^   it   reaches   its  maximum  height. 


Thatr  is^    it  would   take  tbe  same 
amount  of  work   to^  raise  ^it  to' 
the   same   height-even   though  at  . 
a  different  'end  of  th'e  arc. 


They  should  find  that  it  again 
ris^  to  about  the  same  height 
from  which   it  was  released. 


(  ■ 


A  discussion   similar  to  the 
previous  one   for   tti^^f^irs t" 
swjLng^  should   focus  on.  the 
source  of  the   new  P-,E.  <pE3);^ 
acquired  'by   the  ball,  yrftrg^in, 
ask  the  children  to  c^mpa r e 
■  the  amounts  of  PTE. "-at  the 
beg'inning  and  end  pf  the  arc.' 
Continue   to  develop  the  idea 
tha*is  kine'tic   energy   (XE)   was  - 
changed  to  potential  energy  ^ 
(PE)  . 


In  developing   their  under- 
standing of  these  energy*con- 
versions,    it  may  be  *>J;>islpful  to 
assidn  an^^arb i t rary  value  to 
PE^.  s  for   instance,  ^ask  them 
to   imagine   that  the  potential 
'^energy  of   the  ball*^  in  its- 
loriginal   position    (PEi)    is  * 
100'  units.     Then  ask   th.em  to 
e^imate.  its  potential  energy 
at   the  other  end  of  t>he  arc 
f  (PE2)  .     They  sho^Qy3L4^nder stand 
that   it  will-hav%  nearly  the 
same   amount  at   the  other  end. 


^FRl^ 
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i 

A  chalkboard   illustration  of 
one  complete  swing*  shoul^d  help 
to  convey   the   idea  of   the  con- 
tinuous nature  of   the  energy 
conversions  i»  a  swinging 
pendulum : 


PE- 


KE- 


PE. 


•KE. 


PE- 


Throughout   the  discussion  the 
children  should  be  helped  to 
recognize   that  in  the 'inter- 
conversions  between  ^potential 
and  kinetic  energy,  practical- 
ly no  energy   is   "lost"   as  the 
pendulum  swings.      The  follow- 
ing chalkboard  i  1  lus ti;a t ioa 
may  be  helpful . 

PEi'=  KEi  =  PE2  =  KE2  =  PE3  =    .  .  . 


When  it  seems   that   the  chil- 
dren understand   the   energy  , 
conversions,    they  shoul'd  lift 
the  ball   to  other  heights  to 
see  whether  they   get   the  same 
results.      They  can  change  the 
height  of   the  meter   stick  ^nd 
continue   to  ^use   it  as  a  con- 
venient reference  line. 


COMMENTARY 


say  98  or   99   units.  They 
sh-ould  also  under sta,nd  that 
it   can  never  have  more--i.e., 
PE2  ^can  never  be  more   t^an  PE^-- 
unless   the  pendulum  bob  is 
pushed  as  it   is   released.  Con- 
tinue  the  questioning  and  dis- 
cussion to   develop  the  idea 
that  the  K .  E     o'^fSihe  Hall  at 
the  bottom  of   its  path,,  where 
it  was.  moving  fastest,  was 
also  very   close   tq  100  units. 


2.     When  the   children  have  had 
simple  experience  with  energy 
conversions  as   the  pendulum 
traverses   a  single  arc,  they 
should  release  the  ball  from 
a  convenient  height  and  allow 
it   to  continue   swinging  with- 
out  interruption.     They  will 
notice  that  the  maximum,  height 
to  which  it  rises   during  each 
swing  gradually  becomes 
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Some  children  may  -say  that  one 
can,  not  have  a   "perfect"  sys-* 
ttem,^i.e.,    some   energy  must  be 
lost.     This   is  true,   of  course, 
and  makes  a  nice   transitron  to 
the  next  Section,   but  sugg.est 
that^or   the'  time  being  they 
assume   these  losses  are  * 
negligible . 


Observations  may  be  difficult 
if  the  meter  stick  is  mounted 
too   low  _or   too  high.  The. 
region   from,  about   15   cm  above 
the  bottom  of  the  swing  to 
about   15  cm  below  tK*e  pendulum 
support   is  suitable. 
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TEACHING  SEQUENCE 


progressively  less.'  As  tfiey 
'Report   their  observations, 
^i^-eneourage  them  to  refer  to 

th^potential   energy  of  the 

ball  rather  than  to  its 

height. 

•  Wh'at  would  you  infer,  then 
aboi^t   the  kinetic   energy  at 
the  bottom  of   the  swing? 

* 

Ask  the   children  if   they  can 
explain  why  energ,y  appears  to 
be'  going  out  of,  the  system. 
If  no  one  mentions  friction 
at   the   suspension  point,  call 
their  attention   to  what  is 
happening  there. 


Help  them  to  understand  that 
some^of   the   energy  ,in  the 
swinging  j)endulum  is  beifTg 
converted  to  heat  energy  on 
each   swing,   and   thus  the 
pendulum  is,  gradually  losing 
potential  energy.     The  over- 
all energy  conversions   can  be 
diagramed  in  the  follawing 
way : 


COMMENTARY 


The  ball  appeal: s   to  be  losing 
some  po ten tUal   energy  on  each 
successive   swing)    i.e.,  some 
of   its   energy  appears   to  be 
^'disappearing .  " 

They   should  be  able   to  infer  . 
that   the  kinetic  ej^e^rgy,  too, 
must  be  diminishing. 


Most  of   them  should  quickly 
realize   that. the   nylon^  line  is.  • 
rubbing  and  bending    (therefore  ^ 
there   is   friction) ,   and  will 
recall   from   their   former  ex- 
periences  that  heat  energy  i&  ' 
produced  under  such  conditions, 
even  though   they  may   not  be 
able  to  measure  'it. 


ERLC 


KE 


HE. 


->  PE 


HE- 
J 


Mechanical  enexgy  comes  oo; 
tjie'syistem  and  goes   into  the 
pivot  and   string  as  heat 
ergy  with  each  complete 
back  and   forth .  * 


en-^ 
swing 


Can  *the  heat   energy  be 


KE 


HE^ 

J 


■>  PE. 


The   symboli.c   statement  above 
actually   implies  'tiat  the 
total   energy  in  a^^pendulum 
system  is   conserved.^  Although 
the  mechanical  ^energy  decreases 
the  sum  of   the  mec*han.ical   en-  . 
ergy  and  heat  energy  is  the 
same  as   the   or i^i nal  amount 
energy    (P^J^)  . 


of  mechanical 


Not  with   their  apparatus 
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TEACHI»NG  JSEQUENCE 
detected? 


Continue   the  discussion  by 
asking  them  to   ilffagine  what 
might   happen  to   the  swing  of 
the  pendulum  if  the  friction 
at*  the  pi^vot  were  greatly 
, increased,    and.  to  explain 
their  predicted  results  in 
t  erms  ''of   P  •  E  .  ^  and'  rf,  E  • 

y  .  • 

Finally,    ask  the  children  what 
would  happen   if  it  wer^e  pos- 
sible  to   eliminate  friction 
entirely   in  this  system. 


3.     It  should  be  clear  by  now 
that   although   th^  pendulum  is 
nearly  an   ideal  mechanical 
system,    the  pendulum  bob  dofes 
gradually   lose  mechanical  en- 
ergy.    However,    some  children 
may  still  believe   it, possible 
to  get  more  energy  out  of  such 
a   system  than  vtas  originally 
put   into    it.      The  fo!^lowing 
s imple . experiment   can  be  used 
to  test  this  hypothesis: 

Have    the-  children  hold  a  pen- 
cil with   its   eraser  end  firmly 
against  the   leg  of   the'  table 
or  other   firm  back  support  be- 
hind where   the  pendulum  is  . 
hanging,,    so  that   the  pendulum 
line   just   touches   it.  The\ 
pencil  should  be  at  some  point 
above   the  meter  stick,'  "as 
•shown  In  \he  illustration. 


f  I  P  I 

MINIStdUENCE  VI/Activity  5 


COMMENTARY 


because^  the  temperature  change 
is   so  smail,''but  with  a  suitably 
(Resigned  exp.eriment  it  could  be  • 


The  pendulum  should  stop  swing- 
ing muph  sooner  as  more  mechan- 
'ical  'energy   is  converted  to 
H.E,    in  eac-h   swing,  ,  They  may 
be   reminded  of  the  inefficient 
pulley  here. 

The   results  of  t^eir  investiga- 
tions   tog^ether  with  the  preced- 
ing discussion,  ^hould  h'elp  to 
convince  them  tnat  the  pendulum 
would  continue   to   swing  in^ 
definitely.      In, other  words, 
it  would  be  an  ideal  mechanical 
sys  t em  *  * 


I 


If   there  is  no  easily  available' 
back  support,  ,the  jpencil,  or 
ev^n  a   finger,    can  be  held 
stajbionary  to   interrupt  the 
path'ofthe^line. 
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It  may  be   interesting  ^;o  fhe 
children  to  know   that  this 
experiment,  was   fir-s^t  described 
by  Galileo^  and  is  known  as  * 
the  Galilean  Pendulum* 


,     'MINISEQOElfelE  VI/A^tivity  5  ^ 


TEACHING  SEQUENCE 


•Ask  them  to'  lift  the  ball 
through   its   arc   to  the  height 
of  the  meter   stick,   and  then 
to  predict  the  maximum  height 
to  which   the   ball  will'rise  on 
'the  other   side  of   its  swing 
when  it   is  released,  bearing 
in  mind   that  '  the  •  string  will 
now  strike   the  pencil.  After 
the  - chi Idren  have  made  their 
predictions,^   they   should  test 
them.  ^  , 


The   results   should  be  dis- 
cussed in  terms  of  the 
initial   P.E.    of  the  ball. 


COMMENTARY 


Some   children  will  predict  that 
the  pencil  will  affect  the  mo- 
tion of   the  pendulum  and  that 
it  will  not  ri§e   to   the  same 
hei;ght  on  the  other  side. 
^Others,   however,   will  predict 
that  because   the  arc  will  be 
steeper^    the  ball  will  rise 
higher   than   if  allowed  to  swing 
freely.      (If   it  did,    this  would 
rhea.n   that  the  bob  would  have 
more   potential  ^fyiergy  at  that 
point  than   it  had   to   start  \ 
with.)      They  will   be  surprisV^ 
to   find   that   the  ball  comes"  up 
to  approximately^  the  same 
height   from  which   it  was  re- 
leased.     You  might  direct  their 
attention  to  a 'chalkboard  dia- 
gram like   the  COPES   logo  on'  the 
cover  of   the  Teacher's  Guide*. 

The   discussion  should  be 
directed  toward  convincing  the 
children  that  conservation  of 
energy  means  'that   tfje  energy 
remains   the  same-^t  does  hot 
decrease.     Some  of\st  may  be 
converted  to  other  fo^ms     such  * 
as  heat,   but  the   total jremains 
the   same.     By   impl  icajfel^on ,  it 
cannot  increase  unless,  more 
work   is   done  on  the  system. 
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.  Materials  and  Equipment 

An  alphabetiqal^  list  of  materials  an<J  equipment  is  included 
for  your  convenience   in  obtaining  the  materials  necessary  for 
teaching   the  Grade  6   sequence  of  COPES/     The   list  includes  the 
total  amount  of  materials   ^or  the  Grade  6   sequence .      The  *  chil- 
^dren   can  often  bring  materi^als,    such  as  marbles  and  empty  'baby 
food   jars,    from^  home.      Some   items--s.uch  aa  paper,   pencils,  and 
crayong--will   be  available'  in  your  school.     Check  als.o  for 
equipm'ent   that  may  be  available  ^  from  a   schoo^   sciencfe  store- 
room.    Most  of   the  remaining   items  can  be  purchased   locally  in. 
grocery,    stationery,    drug ,   photography  supply  or  hardware  ^ 
stores.     A   few  items   such  as   thermometers,    balances,  magnify- 
ing glasses,    and  sqme  chemicals    (see  page  459),    may  have   to  'be 
ordered  from  one  of  the  scientific  supply  houses  listed  on  the 
last   page  of  this   section.  \  The  ht^gnifying  glass  sold  by  Amer- 
ican Science  and  Engineering    {A.S,&   E,)   with  the   triple  lens.es 
(No»    2400)    is   recommended.'    If  you  are  orde2^•ing  the  *-20°C  to 
+  50^C  thermometers   from  Dapon,   Macalaster,    or  A.S.&E.,    b-e,  sure 
to  specify  the  pl<as  ti  c  backing .     Some  of   their  th,3rmometel?^ 
have  metal  backings  which  ban  not  be  used  for  the  Ac1;ivijties  in 
Minisequence'  IV.      The  Macalaster  thermometer    (l^o.    2662)    has*  a 
plastic  backing.  *  ^ 

Vfhether  you  are  ordering  from  a   supply  house  or  purchasing  items 
locally,    keep   in  mind  that,    for  convenience,    the  quantities  are 
for  a  class  of   30   children.      If  your  class,  is   larger  or  smaller 
you  may  want   to  vary   the  amount  accordingly. 

when   ordering   copper,  sulfate   for  uye   in  l^inisequences/  II.  an<3 
III,    specify  ACS    (American  Chemical   Society)    or  Reagent  grade 
ofUthe  chemical,   not   technical  'grade .     This  substance  must  be 
in  the-form  of  /fine  crystals   for  these  Activities,   not  large 
clumps^.      The  two  anhydrdus  salts  called   for  can,   of  course, 
be  ordered  directly *^from  a  chemical   supply  house.   '  However, 
as  described  in  Miniseq.uence   II,   Activity   3   under  Preparation 
for^  Teaching ,    each  anhydroiis   salt  can  be   readily  prepared  from 
the  respective  hydrated  crystals  by  simply  heating  them  in  an 
o  ven .  '         ^  '  ' 

Often   in  .COPES  particular   items  of  equipment  or  materials  are  ^ 
tised   in  more   than  one  Activity,   or  Minisequence ,    or.GPven  grade  * 
l^vel  .     Thus   the  nonconsumable  -  i t^ms  ,  »^and  those   coTisuma±>les  / 
which  are  left' over,    should,  be  stored  for  possible   later  use^. 
To  he^lD  you,    the  list,  contains  a  column  'indicating  the  Mini-^  * 
sequen€e(s)    and  Activity    {t5r  Activities)   wh.ere  ecLch  item  is 
us^d.    ,  "    •  »        \  '  . 
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ITEMS  ^ 

QUANTITY 

MINISEgUENCB 
AND  ACTIVITY 

 :  

Aluminum   foil:  ^ 

V 

.  h'eavy  duty 

muffin  liners   or  pieces  to 
form  boats,   e.g.,    7,5   cm  by 
7,5   cm  .  ( 3   inv   by   3    in  ,  ) 

ol  roll 
100-180 

II-2;  III-4,.5. 
IIr-1,3/  IV-2 

^regular 

*• 

2-3  rolls 

I I -4;    IV-7;  , 
VI-3 

Bags:  -^x 

plastic  garbag'e  size,    29  cm 

by   32   cm    (11-1/2    in,    by   13  in,) 

1  gallon    (3,7    liters)  capacity 

35 

1-2,4,-5;  IV-1 

plastic   sandwich  size 
(optional )  ■ 

2-4 

\ 

IV-4 

Balances :  ^  *  ^ 

spring   scale,    pull  down, 
e  .  g,A  /   9^^^^/    250   g  (Soodel 
No,'   5405)    or   500   g  (model 
No,    5505)  / 

15 

VI-2, 3  ,  4 

student  platform,    e , g ,  / 
Ohaus  model  No  ,  1200i 

1-8 

^    1-1,4;  111^3 

Balls.:. 

- 

hollow  rubber,    about\2    in,  ' 
(5  cm)'  in  ^diameter  ^ 

\ 

VI-1 

sponge   rubber,    about   2  in, 
-  (5   cm)    in  diameter 

1 

*VI-1 

Superball     abQut   1  in, 
(2,5^cm)    in  diameter 

1 

* 

VI-1 

ping   pong  * 

lead,    60  g    (2   oz)    or   120'  g 
(4  oz)   wi^th  eyd  to   attach  a 
Idne              ,  > 

1 

15 

\^I-1 

VI-2,3,4,5 

Beakers,   heat  resistant,  OO  ml 
(1  oz)  capacity 

30 

II-4        ^  , 
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 f  

Bgoks  : 

> 

small,   about  10  cm  by  18  cm> 
by  2.5, cm    (4   in.   fty   7   in.  by 
1   in.)!  or  substitute 

15 

VI-3 

paperbound   (or  magazine) 

15 

VI-4  ,  5. 

Bulbg,    100  watt" 

11 

1-5 

Card^board: 

boxes.,    approx.    20  .cm  by 
20   cm  by  20  cm  /^8   in.   by  . 
8   in .   by  8   in .  )\ 

11- 

1-5 

corrugated  piece,    8   cm  by* 
18  cm   (3   in.   by   7  in.) 

9  pieces 

IV-7 

corrugated,    6  In.  square 
( 1 5   cm  sq) 

60  pieces 

V-2 

e 

7 

corrugated    (for  ^ramp)    2  .ft 
long    (60  cm)    by  about,  6  in. 
(15  cm)   wide    (wood  plank  can' 
substitute) 

15  pieces 

VI-3^ 

index  cards,    3   in.    by  5  in. 

70  or  more 

1-5;  IV-7 

<» 

shqe  box    (as  ringstand  * 
ass  emb 1 y ) 

1  X 

t 

square ,    Sin.  onasid^ 

1  piece 

II-l 

Celhent,    two-part  epbxy 

small  tube^*-^ 

II-l 

Chemicals ,    suppl ies  of: 

ammonium  'chloride  (sal 
ammoniac) 

60   g  (about 
-  2  oz) 

lil-4,  5"^ 

calcium  chloride 

125   g    (A/4  lb-) 

III-4 ;  IV-4 

0 

cobalt (ous)  chloride, 
nlpdrated,  crystals 

12  5-2  50  g 
(1/4-1/2  lb) 

II-4;  Illtl 

• 

copper    (cupric)  cfiloridfi, 
hydfated,    crystals    ( o  p  t  i^pf^a-JJ,^^ 

;iII-4 

copper    (cupric)  "nitratjB, 
^hydrated  crystals  (optiQ^al) 

a  ' 

iir-5 
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copper    (c-upric)  sulfite, 
hydrated   fine  crystals 
( b  1  u'e  vitriol)  ♦ 

copper    (cupric)  sulfate, 
anhydrous 

iron    (ferrous) "sulfate, 
h'^drated  Crystals 

lithium  chloride  (optional) 

nragnesiujrt  sulfate,  hydrated 
crystals    (epsom  salt) 

magnesium  sulfate  (anhydrous) 

* 

nickel   sulfate,  hydrated 
crystals  (optional) 


^50-! 


phenyl 


salicylate  (salol) 


potassium  chloride  (also 
-vailable  as   "salt"  sub- 
,  slti  tu te  ) 


silver  nitrate.^ 

sodium  acetate,  hydrated 
crys  tals 

sodi'um  carbonate,  monohydrate 
(optional ) 

sodium  sulfate,  hydrated 
crystals    (Glauber's  saTt) 


sodium  thioaulfate,  .hydrated 
crystals  (hypo) 

f  _      .  , 

Chemicals,  .household: 

alcohol,  rubbing 

ammonia,   household  va.riety 

^  bakiftg   soda    (sodium     ^  * 
bicarbonate) 


•900  g 
(1-2  lb) 


1?5   g    (1/4  lb) 


125   g    (1/4  ^) 


250-450  g 
(1/2-1  lb) 

125(g    (1/4  lb) 


70  g  ( approx  ,^ 
2  oz) 

6'D-120  g 
(2-4  oz\ 


10  g  (1/3  oz) 
125   g    (1/4  lb) 


30-60g  ''si 
(1-2  'oz) 

125   g    (1/4  lb) 


1  .  5  qt 
(1.5  liter) 

30   ml    (1  oz) 

small  box 


i  11-1,2,3; 
,    III-l , 2,3,4 


II-  3;  III-4 

III-  1,3 

III-4 

II-  1,3; 

III-  1,4 

II-3 
II-3 


II 


IV-2 


III-4 

III-5  ^ 
II-4 

II-  3 

III-  4 , 5 


II-4;  111-4,5 


1-3,5  . 


?^^t-3 


480 
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QUANTITY 
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• 

camphof             ^  "".^ 

•  1  cake 

V-2 

cornstarch  ^ 

^  1  box 

« 

II-5 

cream  of  tcirtar  (potassium 
bitartrate)  ;i 

1   small  box 

ni-i>,3,4 

food  coloring: 

blue 

1-2  02 

IV-4,6;  V-l 

green'  (opAiional) 

1/8  02 

V-l 

• 

yellow  Y 
gelatin,   unflavored  \ 

1/8  02 

2-3'^**pa.ckets 

(7  g/pkg) 

' IV-4;  V-l 

v-l  ' 

glycerin                        '  \ 

•  \  ^ 

1/2  <:up 

II-2  ' 

iodine,    2%   tinctiire     ^  \ 

»  1 

1   oz,-  (30  ml ) 

II-5 

«- 
/ 

) 

mineral  oil  / 

1/2  cup 

II-2 

i     sugar  .(sucro^i  -  \_^^,^^ 

*{450  g) 

1-2,^3;  II-l; 
III-l  ^ 

\ 

^  r 

J 

table   salt    (sojiium  chloride.)  . 
se;^e2;^l  varieties)  iticlude 
f^ee-fiowing ,   Kosher  style, 
^^nalite  deicer,   or  chemicaTly 
pure 

450   g  (I'lb). 
at  most.  ^ 

II-l;    III-l , 
4,5  , 

vaseline,   white  (petToleum 
jelly)   ^                   '      '  - 

\  vinegaj:,   white    (acetiic  acid) 
household  variety 

Clay,  plasticene;  model^^ 

12  5   g    (4  o'z) 

^500  ml 
(1  pint) 

1-4    '  / 

1-3;    III-2 , 5 

«  J 

supply 

II-3;    VI-2  S 

Clock,   or  tim^,   with  ^weep 
second  hand 

V 

1 

IV- 3, 7;  'V-^ 

Cloth:* 

♦ 

» 

''cot ton >   2.5   cm  by  5;^m 
'{1   in .    by   2   in .  )- 

,7  pieces 

T-4^ 

ERIC 
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ITEMS 

QUANTITY 

MINISEQUENCE 
AND  ACTIVITY 

carpeting   or  rug,,   60   cm  by 
60   cm    (2    ft  by   2  ft) 

1  ^piece^^ 

Vl-1 

Contaioa-ers : 

/ 

-      coffee  cansV.l   lb  size,  with 
plastic  lid 

16  ^ 

I-l 

gallon    (4    liters)    or  4-1  lite;ir 
^     (1  qt)                    \             .    •  . 

1 

- 

IV-6 

\ 

0odyfoam,    3   liters    (3  qt) 
-  with   li'd  '  ^ 

•  > 

6 

11-^1  ,2,4; 

1 1  i  -  1  ,  2  ,  3   4  , 

IV-1,2,3  ^ 

5; 

transparent,    1   liter  capacity* 
(1  qt)                                               '  ' 

2 

lV-4 

wide,   -squat^   for  chemicaj. 
Supplies,    e.g.,   a  cqttage 
cheese  bontainei? 

at  leas^ 

^9 

11^1,2,3,4; 
111-1,2,3,4/ 

■  1 

5; 

Copper:        »      ^  , 

pieces,    e.g.,   wire,  penny, 
e tc .          .          '  ^ 

several 

•  * 

I II -4 
V 

shiny  objects,    e.g.,  pots,' 
new  pennies,  . 

seve^ral 

• 

11^1-2 

0 

wire,  ISgauge 

7  2   in . 
(200  cm) 

^iri-5  . 

Corks: 

1 

i 

to  fit-i.3  mm  by  lOO'^mm  test 
•  tube 

t,  *■ 

60  plus 

IIh2^  III-2; 
V-'l 

J 

"to   fit   18   mm  by   150  mm  test 
tube 

4 

Cups  : 

] 

plasti'c  or  waxed  paper, 
about   30ml    { 1  oz)  ^ 

150-250 

1-1,2,4;,  II- 
111-1,2,3,4, 

^IV-i;2,4;  V- 

* 

5; 
5;. 

l"- 

->  •    A,    .  ■ 

\ 

i  * 
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'                T  T*  t?  M  C 

 '  1 

MINISEQUENCE 

transparent  plastic,  "old- 
fashioned"   shape,    Ijlo  to 

940    ml      ^4  —  ft    r\'7  \  nAOAr^it'v/ 

(glass   slides'  can  substitute 
f«yr  some)       »  . 

250 

II-5;  III-X, 
3,5;  IV-4',5,6 

plastiyC,    150  ml  oz) 
polyfoam  cup* 

15 

• 

IV-3 

"  polyfoam,    180   to  240  ml'' 

^  A  —  ft    n  7  ^  • 
^       p    O  ^  }          ^  ^ 

1 

60-200 

i  -  1  ,  3  ;    i  I  -  1  , 

XXX      ^  f  J  f 

IV-  1 , 2,3; 

V-  2,  5 

measuring 

2  or  more 

1-4;  ^V-1 

Dishes:  ^ 

for  discarded  matches,  glass 

15 

III-4  * 

shallow,   or  petri   typer  glass 

Ox    ^xasu.xL>,    ±u    ciu    ^'z    XII.  J  xn 

diameter 

1 

optional) 

II-lv  3 ;  V-2 

Par*  PlPr't*T'"i"f^ 

1-4 

Funnel,    abo*ut   15   cm    (6  in.) 
in  diameter 

I  -  5  ;  '  1 1  -  5  ;  , 
IV-4 

V9CXUCX      ^^UliUCX        \ux           X  c      a  J.  c  u 

tape  of  background  countO 

1 

V-4 

Glass,    ta'll,   as  test'  tube  rack 
Glass   rod,    10   cm  long/  (4  in.) 

1" 

ft 

8  . 

♦ 

V-1 

IV-7 
»> 

VJXd^iAXUc;  ,               Vf  yJLj^^^i  \JL  XuX)XXL>ClIlU 

X      I*  u  w  c 

vi  -  3 

XJ  ^   TV%  TV%  A  V*                         "V*                  A    ^  ^^^^^^^                  ^    A  ^  %* 

■ "  w '  ■ 

X 

V  ^ 

neau  sources^  •* 

candle short  squat  variety 

30   or  more 

:    II-l  ,  3;  IV-7/ 

hot  pl'atfe 

1-3*;    IV-2  ^  ' 
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1 

*     T  TP  M  Q  * 

^       ±  X  III  1*1 0  / 

MINISEQUENCE  ^ 

awn  ZiPTT\7TTV 

Sterno  ^ 
Hexstat    (optional),   see  page 

40  cans 
2->ort  least 

'11-2,4,5; 
111-4,5 

>  * 

V-3 

Ices 
cubes 

• 

*  95 

IV-1,7 

chips                    ,       '  ' 

supply 

II-l 

Jars: 

^  -*# 

babyfood   jars,    120-inl    (4-oz)  , 

68    (approx . ) 

'  1-2,3,4,5 

to  serve  as   test  tube  rack, 
e.g.,   babyfood   jar,   mug.  etc. 

35 

II-2,fl,  5; 
III-2,3,4;5; 
V-l 

1/2   liter    (1   pt)  capacity 

o 
£t 

tall   narrow  glass  withylid, 
to  be  at   least   3   in.    (7.5  cm) 

W  -L       C                   «  ^ 

X      XlUcL       \  x                    WlT-Tl     XXCl  ' 

8 

I-l  ,  3 
•           /  *- 

^  X      >J  f       XX  ^ 
(.                        m  i 

s^^XX^CX                   v^U/       WXUii      xxu  « 

2 

1-3 

Knives,   paring          .  *  il  . 

10 

1-5 

T  a  H  o  1  c  • 
XI  d  u  c  X  o 

15          '  " 

1-3  • 

JLi  d  111  M  ,       U^^^OCIIC^J^/     'UX  CMUXVu^ljCll^ 

•  X 

1-5 

X       J      .  ^ 

Line,   nylon  fishing 
1 

15  meters 
(about  45 
f  eet ) 

VIr2  ,4  ,  5._  • 

Magnets 

several 

II 1-2  ■ 

Magnifying  glasses/    (e.g.,  Amer- 
ican Science  and  Englh^ea^  ing  >' 
No.    2400,  126X) 

'32 

'T-1,5;  11-1,3, 
4;  111-1,2,3 

ERIC 
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ITEMS  ' 


QUANTITY* 


MINI6EQUENCE 
AND  ACTIVITY 


Marbles:  ,  ^ 

&ame   size  and  color 
different  than  those  above 

V  . 

Matches ,  safety 


Mealworms    (available   fronr  pet 
and  aquarium   supply  stores) 

Medicine  droppers 


Microscopes ,    compound : 
40X  \ 

lOOX  or  higher 

✓ 

Microscope  slides 
Miscrscope   s  li'de  ^ co ve r s 
Nails: 

t 

aluminum,  -It)  cm  ^4  in.)  long 
(optional)  '  ' 

 i  roxu^^jiijg hjLi-,_cjp,mm o  n  variety 

5   cm    (2   in • )  long 


.^^ron,^10   cm    (4   in,)  long 

2,5  cm  (1  \nf)  long 
Paint,    blue  ^ 

Pans: 

aluminum,  10  cm  (4  in.)  in 
diameter  or  e.quirvalent 

aluminum,  20  cm  (8  in.)-  in 
dia^meter  ^'r  equivalent 


30 

5  or  more 

6  boxes 
(approx . ) 

100 
( approx . ) 

36 


8-10 

1  or  more 

30  or  more 

60  or  more 


II  - 1- 

I I- 3;  V-2 

II-  1,2,4; 

III-  4  ^ 

1-3 


1-2 , 3 ;    II-2 , 3 , 
4,5;  III-l; 
V-1 


1-5;  II-3; 
III-l 


_1.50_9.j;Lj(ap.^_ 


1-2  ^ 

/ 

1-2,5;  111-1,3 
1-2 

IV-7 


15  • 

30 

^1  aerosol 
can 


16 


IV-  7;  VI-2 

V-  2^ 

*  iv-5  ' 


1-1,4,5 


452 


ITEMS 


QUANTITY 


MINISEQUENCE 
AND  ACTIVITY 


aluminum,   pie  size 

sauce,    2  liters    (2  qt) 
.  capacity 

shallow,   cookie  sheet 
or  tray 

Paper: 


V 

snac 


ape 


1 
1 

12 


V-2  ^ 

1-3;  II-5; 
IV-2 

1-4 


cons tructiorK^  black,  8-1/Z* in 
by  11   in.    (21   cm  by   27  cm) 

construction,    colored  or 
plastic 

filter 

graph,    2  .s^j/cm  (4/in.) 


newspaper,  double  sheets 
towels 


scraps  whitne' 


S 


wrapping,  60  cm  by^  180  cm' 
C2   ft  by  6   ft)  *     '     '  - 

Paper  clips.    No.    1,  tinned 
steel  variety 

Pencils:  <  ' 

(or   felt  tip  pen.) 

blue  ,   or  crayon-s? 

r ed ,    or  crayons 


two  more  colors  than  ab^< 


'glass  marking 


10  sheets 

1  or  more" 
sheets 

2  sheets 

supply  (at 

least  300 

shears ) 

♦  t 

.25"*' 
supply 

supply 


1  sheet 


100  .(approx  .  ) 
or  mcrte 


1-5 


V-2, 


IV- '^;    1 1-5  , 

-  IV-1,2,3',5^,7; 

V-  2,4;  VI-1 


L-1,2;  11-4,5; 

III-  2,5;  . 

IV-  1,7 

I-l;    1 1 -27-3  ;N 
m-2,4; 
IV-2,5 

Vl-i-.  ^ 


III-4  ,  5  ;  IV-5 


IV-1,2;  ^-2 


IV- 3, 6;  V-2,3 
lV-3,7^;  V-^;3 
IV-3  ;    V-2  ,  3* 
fll-i;  IV-5, 


5-3 


J 

(  MINISEQUENCE 

ITEMS 

  *  

QUANTITY 

AND  ACT'IVITY 

« 

unsharpened,   w 4^|Mb6 r a s e r 

Pens,   felt  marking,    differ. ent 
colors   includi'ng  black 

60 
1  set 

VI-1  ,  2 
VI-1 

Perishables:  ♦ 

fresh   fruits'*/   .e.g.,    tomato , 

several 

bananaS/   apples/  grapeS/^ 

plums,  apricots' 

fr^sh  Vegetables    (not  gre e^xiY 

it 

s  e  ve  r a 1 

I-  3  * 

e.g.,   carrots,   potatoes  \J 

housefly  pupae  (optiorfal. 

V-5 

\           •  1 

see  page  459) 

<    red  cabbage 
Pins:  J 

1  medlium. 

1-3 

,  bobby 

30 

V-2 

? 

c lothe  s 

V/     \J  L     111  \J  ^  va. 

TV-  4 

Pitchers/   with  pouring  spout 

J 

4  or  more 

1-2  ,  3;„  IV-4 

'     (^-pt)  capacity 

V    j  _ 

•• 

Plant's   and  -seeds    (other  than 

'{ 

perishabres  )  :  ^ 

\ 

1 

t 

beans,    navy  pea  (dried) 

1  lb 

IV-5 

geranium,   potted,   about   30  cm 

8 

^1-1,4 

o  ♦ 

-(12   in  .  tall 

flower  buds-  > 

several 

I-'3  . 

4             /  O  'i 

corn  seeds             x              .   /  ' 

1  .pkg    (i  oz)^ 

/i-i.K-^: 

i^adish  seeds 

1  pkg  ^ 

1-3 

(about  50J  / 

*    /  ♦ 

'     transparent^  discs^  (dr  squares") 

ft 

12-18  of  i 

.   II I- 3 

> 

about  3   pm  in^ diameter,  four 

each  color 

s 

« 

differerit  colors                . , 
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ITEMS  : 


QUANTITY 


MINISEQU-ENCE 
AND  ACTIVITY 


:  '  r 

transparent  red  discs  (or 
squares) 

tiransparent  clear  discs 
(or  squares) 

wrap 


Projectors : 

micro  '(optional)    -  * 

overhead  (optional) 

Pump,   bifcycle,   with  hose 

Rubber  bands,,  small 

Rul^lrs^: 

30  cm   (2,2   in.)   with  hole 
near  one  end 

1  meter-  (3  ft)  (1  meter  or 
ycirdstick) 

Rusty  objects 

Scissors  ^ 


Screens,  wire 


4-in*   mesh,    15  cm  by  15'cm 

( 6  in.  by  6   in . ) 

10-in.  mesh,    15  cm  byi  15  cm 

(6  in .  by  6   in.  )  \ 

14-in.  mesh,    12  cm  by   12  cm 

(5  in .  by  5   in .  )  , 

18-in.  mesh,    15  cm  by   15  cm 

(  6  i  n  .  b  y  6   i  n  ; ) 


120 


9lO 


2-3  rolls 


1 
'l 
1 
40 

45 
15 

« 

several 
1'5 


10 
8 


V-5 


.  V-5 


r-3;  II-1',2, 
3,4;  111-1,4; 
Y-2 


III-l,2,5v 

/ 

III-  1,2,3,5 
1-3 

IV-  7;  VI-1 


1-4,5; 'VI-1, 
2,3,4,5 

VI-5 


III-2 

Vl/4,5;  * 
III-2;    IV-4, 7; 
^V-2  ,  3 


•  I-l 


1-5 
I-l 
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'  / 


ITEMS 


QUANTITY 


MINISEQUENCE 
AND  ACTIVITY 


Soi  Is : 
.  t opsoil 

subsoil  * 

Spoons : 
*  tablespoon 
t.e  aspo.on 


1/2  teaspoon    (plastic  picnic 
*  variety) 

Sprinkler  bulb 

Steel 'wool., V  fine  ^ 

.4 

t 

«  > 
« 

Straws,  .drinking 

String,    light  laundry  variety 

Tape : •  '         '       ,  ,         ^  V 

-  •   '  k. 

plastic  or  cellophane 
masking  ^ 

mas)<ihg  ,^   doubl^rs  i.ded 

^         **  ,    .         \s     "  ^      *  •   -  t- 

Tes»t   tubes,."  heat' 'res  ist  ant : 

13  mm  by-  10*0  mm   (5/8  in,  by 

4^  in..)     '  ^  . 

*  *  '  I 

18  mm  by  '150  mm  (3/4  in.  by  ' 
6*  in.  )  •    •  ' 

Tes't   tube  holder  s  metal 


•  r 

8  Jli ter^ 
(8  qts) 

8  Idters 
(8  qts) 

*  9 


15 
16, 

s  everal 


1-8 

supp;Ly 
about  15 
bails 


I-l 


I-l 


i 


io^ 


.2  balls 


?  •  ■  ■  ■ 

V  rolls 
(appr ox . ) 

i  ^    ^  >  - . 

I  roll 


75  or  more 


30 


1-3 

1-4;  II-2; 
III-2;  VI-3 

.1-4,5;  II1-4'; 
'.IV- 7;  V-2x,?' 

•  III-4;  yi-i ,  ^ 
^  3;,5 

,  II-l  ■ 


1-4;  11-2,4,5; 
111-2,3,5;  V-1 

V-1 


; II -1,2, 4, S; 
III-4 


A 


IXE-MS 


Thermometers  : 


f 


1 


-20°C  to  +50**C,'  plastic' b^ck^d, 
e^g,,   Macalas^ter  No,    2662  | 

ii 

laboratory  style,   -lO^CltO  I 
+  11.0°C  .  I 

'■       ■  ■■  > 

;Tubing    (dialysis)    cellophane  ^ 
3  cm  wide    (1-1/8   in.)     f]'  > 

Trowel',    hand        *      *  .  { 

Tweezers  (optional) 

Wood: 

narrow  strips,   as  dispensers; 
e.g.,   popsicle  sticJcs, 
flattened  straws  *  , 


stirrer s\  ^e.g.,*popsicle 
Sticks,    beverage  .stirrers, 
etc .  «  t 


ERIC 


block,  5  cm  by  5  cm' by  10  cm< 
(2  in',  by  2  in.  by  4  in/)  orj 
subs  t i tute  •  ^ 


'Woodland  litter 

Wo  rksTiee  ts 

•    Worksheet  I-l 
Worksheet  1-2 
Worksheet  III-l 
^  Worksheet  IV-1 


"  5  ' 


^^rksheet  IV-2 
Worksheet  IV-3 
Worksheet  IV-'4 


QUANTITY  ^ 


34   or  ^more 
1  * 


600  cm 
(20  .ft) 

.  1 


40 


110 


2  boxes 


15 


MINISEQUENCE* 
AND  ACTIVITY 


I-l  ,  4  ,  5,;  II-4 
5;  IV-1,2,3,7 

li-5 ;  IV-2 


IV-4 


'  1-5 


III-l 


II-  1^,2,  5) 

III-  l;  IV-2 


I  -  5  ;  1 1  -  3  ; 
111-1,2,3 


VI-4 


10  gals 

8       '  ' 

\  ■ 

30 

i-4 

15'' 

Ilf-4 

15  ' 

IV-3 

30  - 

IV-5 

30 
* 

30 

lV-6 

V 
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457 


'.A 


.J 


'  ITEMS 


Worksheet  IV-5 
Worksheet  V-l  * 
Worksheet  V-2  ^ 
Worksheet  V-3» 
Worksheet  V-4      r  , 
Worksheet  V-5  i 
Worksheet  V-6 
Worksheet-  V-7  (op-tionkl) 
Worksheet  Vl-1  . 


Worksheet  VI-2 
Worksheet  VI-3 


Yeast,    "active  dry"  c.^ 


> 


QUANTITY 


8  -or  more 
60 


3^. 

\ 

\ 

15  ' 
15 
.15 

S 

30 
0 


30 


^  4  0  pKg:s , 
(.7  g/:^kg); 

V 


4 


N 


MINISEQUENCE 
AND  ACTIVITY. 


rv-'7 


...  *  4 
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/ 


SCIENTIFIC    SUPPLY  HOUSES 


American  Science  and  Engiite-er- 

ing    (A.S.   and  E.) 
20  Overland  Street       ^  ^ 
Boston/  Massac^iusetts  022^15 
(magnifying  gla-sses  and 
thermometers ) 

Central   Scientific  Co."  (Cenco) 
2  600   South  Kos  tn^r  XvQnu.e 
Chicago,    Illinois  60613 
(school  science   supplies  and 
Ohaus  equipment) 


Continental  Biolog^ical  Labs 
448  North  Halsted  ^ 
Chigago ,    Illinois,  606  22 
(housefly  pupae)  < 


Damon  Educational  Division 
80  ,Wi  l^n'  Way  »  4 

Westwood;  Massachusetts  02090 
(-20°C  to  '+50°C  thermoijjeters) 

Educational  'Science  Consultants 
P.O.    Box  1674 

San  LeandrO;   California  9,4577 
(housefly  kit  and  book)  ' 

FisJ^e^  Sci-entific  Co.  / 
5 2  Fadem  Road  ,  ^  j 

Springfield;   New  Jersey"  07*081 
(chemi'calS;   and  other 
labora*tor.y  ^suppli^s) 


Harcourt"  Brace  Jovanovich, 
737  Third  Avenue 
New  York/  N.Y.  10017 
(Hexstat s  )  ,  ' 


Inc 


xst 


Beaming  Res'ource  Center,  Inc, 
10655   S'.W.  -Greenbytg  Road 
•Portland;   Oregon  '97223 
(heating  stands   and  other 
school   science  equipment) 
(This   company  was  formerly 
kn6wn  as   QMS I . ) 

Macalaster  Scientific  Corp. 
Division  of   Raytheon  Educa-^  . 

tional .Company 
Route   111   &   Everett  Turnpike 
Nashua;   New  Hampshi re  0  3  660 
(-20°C  to  +50°C  thermometers) 

Scientific  Glass  *Apparat\is  Co, 
725  'Braad  S'treet  ^ 
BlQ^inf ield;   New  Jersey  07003 
(funnelS;    filter. paper  arid 
other  laboratory  supplies)  * 
<  * 

Science. Kit;  I^nc.. 
Tonawand'a ;\New  York  14150 
(school   science  stipplies)  • 


Selectl.ve  EdGcat i(?nal  ^Equipment 


3   Bridge  Street 


New^ton,   Massachusetts  02195 
(medicine  droppers ,/  and 
magnifiers)       ^  .  * 


Greiner  Scientific  Corporation 
22  North  Moore  Street  '  . 
New  Yorlc-   New  York  10004 
( eel  lopT^ao;!©  tubirfg  apd 
laboratory  'supplies )  j 


'Sigma  Scientific, ^Inc. 
P  .0.    Box  13£)2' 
Gadnesvi  He  ,   Florida  326Q1 
(school   sciertce-  supplies!^ 
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Worksheet  Pages  for  Duration 
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.CONVERSION 


TEMPERAT-URE  OF 
D^IY-BULB    IN  ^C. 

FFERENCE    BETWEEN    WET-BULB   AND   DRY-^ULB  In'^C. 

1 

2 

3 

4 

5 

6 

•  '   8  ' 

9 

^  y,  ■ 

88, 

^  76 

65 

53 

4  2 

 i- 

L  Z. 

r  • 

+  12 

8'9 
\ 

78 

68 

* 

5  8 

r 

/I  ft 

'  *0  ft 

J  0 

21 

* 

12 

+  15  . 

t 

w 

90 

80 

s 

71 

D  J 

V 

3  6 

 . 

-  20 

>• 

90  \ 

82  ' 

73  ' 

V 

.  -65  , 

57 

« 

49  ' 

42 

» 

27 

+  21 

91 

83  1 

75 

67 

r 

,^  60 

53 

46.; 

39 ' 

> 

32 

> 

+  24  . 

92 

85 

1. 

70 

63  ' 

r- 

J  D 

> 

— •  

♦ 

3  7 

<K  ■ 

+  27    '  • 

* 

93' 

86  ^ 

'79/ ; 

>^  > 

•  \^ 

65^^- 

5  3' 

t 

47 

;  ■  ' 

■^41 

-  +30 

• 

■  .  \  ,.. 

93 

4  1 

'  V 

V 

y 

8r6'  • 

79- 
1 

73 

67 

;  '61 

55" 

51) 

44 
»  1 
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WORKSHEET  IV- 1 


Name: 


Situation 

V 

>> 

TIME 

\  All        A  \Jr\^  C  9  / 

TEMPERATURE  (^C) 

.  outer-cup^  . 
(colder  sample) 

1      inner  cup 
(hotter  sample) 

• 

(  • 

^1/2 

"  ,  ^ 

1 

1-1/2 

— — — r— *  

■  •  -2 

r  

r-        •                                                   "  • 

if  m 

'  ^  '     2-1/2  ' 

•* 

*  <^ 

^  3 

—  3-1/2 

4  . 

4-1/2  f 

*  * 

'  ^~  •  ^ 

^5 

Colder  Sample; 
before' 

Temp  i  °C 

Volume  

h  .  e  .  u  . 


AFTER 
Temp. 


Volume 


Hottfei*  Sample:  *  ,  ^ 
'BEFORE  ^  AFTER 

_  T^emp.^  


h  .  e  .  u-r 


Volume 
,    h  .  e  .  u  • 


Temp .  

.Volume 
h  *  e  .  u  . 
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WORKSHEET  IV- 2 


Name.: 


NUMBER  OF  EXCHANGES 
OF    FOUR  BEANS 


NUMBER  OF    BLUE   BEANS  IN 


CUP    1  ' 


CUP  2 


.1 


r 
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WORKSHEET  IV- 3 


VName 


NUMBER  OF   BLUE  BEANS 
IN   CUP    1  . 


NUMBER  ' 
OF  EX- 
CHANGE 
OF  FOU^ 
BEANS 


ERLC 


DATA   TAKEN   3Y : 


p 

It 

<  > 


Average* 


V 


NUMBER  OF    BLUE  BEANig^ 
JN    CUP  2 


NCH'B.ER  • 

OF '  Ej[- ; 

CHANGES 
OF/  FOUR 
BE-ANS 


DATA-  TAKflN  BY: 


'jr. 


if. 


480 


AVERAGE 


1' 


47S 


WORKSHEET  IV- 5 


TEMPERA'TURE    (  ^C) 


TIME    (mm .  ) 

.Thermometer  1 

Xhe rmome t e'r  2 

Thermome  ter  3 

' Thermometer  4 

0 

 :  •  *  

:.  1/2 

 : — .  l1 

 \  ^ 

\                  r ' 

^1 

> 

.  1-1/2 

• 

  ^ 

/ 

2 

2-1/2 

V 

/ 

3 

 ^  

3-1/2 

/ 

4 

* 

4-1/2 

• 

5  . 

 ^  i_ 

5-1/2 

/ 

i 

'J 

6 

 r?  

6-1/2 

* 

7 

DESCRIPTIO^/   OF    EXPERIMENT/  / 

.  f 


!  / 

— — ^  :  U- :   !  

1     '  / 
>  / 



■1  • 

i 

> 

 »   

/ 

I 

.1 
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WORKSHEET  V-1 


WORKSHEET  V-2/  ;  -    NanueS:  ' 


WORKSHEET  V-4 


Seconds 


CHART  ^FOR  PREPAI^ING  A 


D    A  -CD  -  & 

D  //   li  13  I'i-  t5  l<i>  17  IB  1^       m  2SL  n  2i  z 

 1  J 

3  «  ] 

j . 

• 

•         -  -  ( 

■Z 

♦                -  • 

3 

•  •  • 

'.7  : 

'     '     ■     !  1 

^  -  -1 — _  _  — 
»     *  1 

¥ 

« 

f 

— . — •    .  ( 

.  5" 

'       #        •  • 

'         "  ,  1     •  1 

6 

• 

7 

♦ 

♦ 

i 

>  } 

8 

 »— 

« 

4 

9 

• 

-•  « 

=^  — 

1 

•  • 

10 

1  ; 

-  —  —  ♦  < 

Jl 

• 

'1    >  ' 

I'll 

,  _  .  4  

i 

f  j 

i  1 

t 



1  1 

•  • 

i 

'   r    '  3 

^  J  

>  1 

I 
i 

* 

; 

't 

r  i  :  •  •  - 

)         '      !  , 

.  i 

[ 

i 

i 

■  !  f 

'1 

m 

0) 
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To  use  this  chart,,  first  tear  out'thie  page  and  page  491. 
Then  cnit  'along  the  dot^ted  line  and  either  tape  or  paste  , 
the  two  pages  together  sO'-tha«t  they  "c an  be  read  from  left 
to  right  with  no  break  between.  • 

•:.    \         '    487  - 


483 


>  / 


TAPE  OF   RANDOM.  CLICKS 


Seconds 


^31  3^  33  3«f  35  3fe  37  3g  ■?<?  «fp  '^l   42  ^3)¥4  ^  Vfa       1$,  f«f  5c,  5/  5?  53  ffV  .iT  54  57  5ft  j9 


C2> 


4  * 


:  /:  ' 


:: 


1  'f^ 


i  I 

;  4 


1    ,    i  ^1 


i  ^ 


y 
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WORKSHEETvV-5 


Name ; 


'Table   It,    A   FIRST   GENERATION    POPULATION '"OF   HOUSE  FLIES 


Red  Eyes  . 

Whit6  Eyes 
 k  

Total    .  • 

Male 

50 

50  ^ 

Female 

— ^ 

Total 

100 

100 

Tabfle   2:      A   SECOND  GENERATION   POPULATION'  OF   HOUSE  FLIES 


Red  Eyes 

,Whit,.e   Eyes  ^ 

Total 

Male 

 !■  '  ^  

3  ,750 

 T  — 

5,000  . 

Female 

Total 

7;  50  0 

2,5  0,0 

Table.  2a:    ,A   RANDOM  SAMPLE   OF   100   ^I^S    FRO^^THE    SECOND  GENERATION 


Red  Eyes 

White  Ey^s 

'Total 

.  Male 

,-34. 

14 

48  ^ 
ft 

Female 

36  * 

le  ' 

"  52 

Total 

.  JO 

^     .  30 

lOG 

r 


Table   2b.:  ' 

/ 


/ 

A   gECOND   RANDOM   SAMPLE   OF    IpO  FLIES 


Redv^  Eyes 

White  Eyes 

.Total 

Idale 

13      '  ^ 

51 

^  Female 

Total 

74 

100 

r 

Table  ^c:      A   RANDOM   SAMPLE   OF  '2  0    FLIES    HRQM  'THE   SECON.D  GENERATION 


Red  Eyes 

White  Eyes 

T.otal  , 

Male 

7 

10    '  ^ 

Female 

4 

Total 

13 

 3--r  

20  - 

f 


Table    2d:      A   SE.COND   RANDOM  gA-MPL^E   OF    20  FLIES 

•  / 

Whitie  Eyes 


Male 

Female 

Total- 


Red  Eyes 
 J  


18 


Total 


12 


20 
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WORKSHEET  V-6 


Name: 


SELECTION 

FACTOR   INHERITEP  FROM 

Female 
Parent 

Male  ^ 
Par.ent  > 

'  i 

£. 

■ 

"3 

A 

* 

\ 

^  \ 

6 

 ^ 

7 

•  8 

9 

.  10 

S  ELECTI ON 

\ 

FACTOR   INHERITED  FJ^OM 

"  Female  . 
Parent  * 

'Male 
•Parent 

1  2 

i  J 

> 

> 

17 

/ 

18    '  . 

I 

19 

— ^1,  

20 

\ 


r  . 


KINDS    OF  iOtlfelNATIONS 
OF  "factors  ^ 

NUMBER  OF   EACH  KIND 
OF  COMBINATION 

EVE   COLrOR  OF-  THE^ 
•COMBINATION 

\ 

\  ' 

\ 

■    •  •  \ 

r 

-     ^  — '                f    •  z 

>  '  f 

\ 

ERIC  . 
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WORKSHEET  V-7 


Name; 


Table  3 


A  SELECTED  SAMPLE  OF  lOO  WHITE-EYED  FLIES 
FROM  THE   SECOND  GENE^RATION 


Table  4 


White  Eyes 

Male  ^ 

if 

FeiAa  le 

'   ^     50  • 

'  Total  " 

'  '  100 

\ 

OFFSPRING   OF    SELECTE'D   WHITE-EYED  SAMPLE 


, Red  Eyes 

White  Eye'S 

Total 

'Male 

5  ,000 

Female 

5     0  0 

\ 

Total 

4  ' 

10,000  , 

10,000 

Table    5:      A    SELECTED   SAMPLE    OF,  100    RED-EYED  FLIES 
^  FROM  tHE    SECOND    GENERATION      ■  '  / 


Red  Eyes 

> 

Male 

— f  

— '  -r  tS  

Female  ^ 

• 

Total 

100 

Table  6 


OFFSPRING  OF  SELECTED    RED-EYED  SAMPLE 


^Red  Eyes 

White  Eyes 

Total  • 

rtale 

•  5.5  6 

'5^00  0  . 

Female 

* 

•Total^- 

8,889 

1,/111 

10',  000 

♦  * 
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^MATERIALS  AND  COS*?:     Student  textr  hardbound   (520  pp.,  $8.97);  teacher's 
*  '     .  guide  (319'  pp.  ,  $8.49)  ;  skills  and  evaluation 

-  '     *  •  package  ($18.93);  student  text  as  8  individual 

uriits,  paperboiirid  ($1.  50  per^  unit^ 

/^thropology  r  World  Studies  . 


SUBJECT  AREA: 


Thas  text  orgemizes  the  study  of  world  cuU:Ures  around,  eight  key 
-5  concepts:    human  battems,  habitat,  values,  social 'control ,  learning,   '  • 

^  technology,  states,  and  outsiders.  •  Each  concept  comprises  one- unit. 

Throughout  the  ^ight' units,  16  cultures  are  discus"5ed.    -They  represent 
>  '        Africa,  Asia,  Australia,  Europe,  Middle  East,  Oceania,  and  South  America. 

Western  Samoa//  ^studied  in  each-unit,  is  employed  as -►a  "control  culture"  o 

'  *  '  "       .  *'  * 

since  it  is  small,  homogeneous,  and  offers  contrasts  to  the  United  States 

//  *  '  ■  '  '  ' 

and  other  dsveloped^ areas.    The  major  learning  component  is^ activity,  not 

*  I  '  * 

•  exposition^    Each  unit  contains  approximately  20*  act-ivities  with  specified 

objectives  and  data/  these. include  diary  accounts,  photographs,  and  ^ 
stories. y  Although  they  vary  in  the  cognitive  processes  and  learning  modes 
required^  each  can  be  completed  in  one  class- periods  .  The  teacher^ s  guide 
contain^. an  overview  of  the  content  of  the  activities,  obje<5tives  and  -  ' 
related  supplementary  material?,  planning  notes,  and  ideas  for  adapting 
the  activities  to  various  ability  levels^    The  tota*l  text  could  serve  as 
the  basis  for\a  full-year  course,  or  individ\ial  units^  could  bfe  studied 'as 
minicoiyrses.    .Large  print,  ample  use  .ox  photographs,  and  emphasis  on 
activity  make  the  text  effective  for  junior  high'^students  or  high  ^Choo'l 
studej(tg^eading  below  grade  level. 


/ 

tItI/E: 


R: 


PUBLISHER: 

I 

I 

I- 

PUBLICATION  DATE: 

.6rADE*  LEVEL:  ' 

READING  I£VEL : 
\  * 

MATERIALS  AND  COST: 


Inquiries  Into  the  Idvingf  Past  ' 

Margareta  Faissler 

Macmillan  Publishing  *Com^any,  "inc. 

School. .Division 

866  Third  7\yenqe    I        .  * 

New  York,  New  York  10022 

1^75       <     ^    .      •    '     '  , 

9-^12  > 

11  .(narrative) 
8,  (pifiitvary  source^  )^ 

Fourteen  student  texts,  papefbounk 
$1. 77-$3. 06) ;' teacher's  gyide  (150 


f96-192 
pp./  ^4. 


14) 


ERLC 

1 


12 


WORKSHEET  VI- 1 


ERIC 


Name': 

 T" 


* 

STRAIGHT    UP  ' 

/ 

ALONG   THE.  RAMP '  , 

ALONG   THE,  RAMP 
(2)  . 

'"^ORCE   NEEDED'  TO     /  ' 
MOVE  b60K 

>     *  / 

1  V 

/  *  ^ 

• 

'     DISTANCE   MOVED  PROM 
FLQOR^  Tj5   top   of  RAMP 

• 

wj(4rk  done  (f  jT^'c^  > 

 = 
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the*  text  contai-ns  questions  designed  to  stimulate  comparative  ^thinking. 
Photographs  and  descriptions  of  dozens  of  societies  provide  students  Lith* 
bases  for  comparing  the  d.if'ferent  means  used  by  humans  to  achieve  similar 
needs.        ^  '  ^        '     .  *  ^\ 


TITLE: 

EDITOR: 

PUBftSHER: 


PUBLICATION  DATE : 

GPADE  LEVEL: 

FRY  READING  LEVEL: 


Learning  About  Peoples  and  Cultures 
Seymour  Fersh 

McDoug^l,  Littell  and' Company 
Box  16,67 

Evanston,  Illinois  60204 
1974  "  '  . 

9-12 

ll*' (narrative) 
'10. (primary  sources) 


^MATERIALS  AND  COST:     Studfent  text,  paperbound  (120  pp.,  $2.97);  teacher's 

guide  ($0.96)  . 


SUBJECT  AREA: 


Anthropology,  Sociology,  World  HistJory 


This  book  for  high  school  students  helps  them  sense  the  evolution  of 
hmankind— -its  rise  into  .civilization,  its  cH&nging  attitudes  in  a 
changing  world,  and  its  ability  to  learn  and  adapt  ^to  a  changed  environ- 
ment.'    Students  ^should  begin  to  see  reasons  for  cultural  diffeirences  and' 
examine  their  own  values.    The  text,  which  can  be  used  to  supplement* 
almpst  any  social  studies  discipline contains  articles  and 'poems  by  such 
writers  as  Mark  Twain ,  Rudyard  Kipling,  and  John  W.  Gardner,  Cultural 
groups  representing  (:hina,  India Europe ,  Africa,- Morocco,  Peru,  and  '  . 
Indonesia  are  studied.    The  teacher's  guide  contains  chapter  ou^i^nes  and 
suggestions. for  afctivities  an'd  examinations.-  . 


TITLE :  ^ 

AUTHOR:" 

PUBLISHER: 

PUBfilCA^TION  DATE: 

GRADE  LEVEL: 

FRY  READING  LEVEL: 


Page^nt<of  World  History,  The 

Gerald  Leinwand 

Allyn  and  Bacon,  Inc.  \ 
470  Atlantic  Avenue 
Boston,  Massachusetts  02210 

1977  (revised  edition) 

9-12 

8  (narrative) 
'6  (primary  sources) 


t 


14 


WORKSHEET  Vl-2 


J 

 .        "  •    Name : 


ERIC 


STRAIGHT  UP 

ALOjir;    THE  RftMt> 

* 

FORCE   NEEDED  TO 
MOVE   METAL  BALL 

• 

t 

^;          'i  - 

DISTANCE   MOVEt)  FROM 
FLOOR -TOf-^TOP'  OF  RAMP 

0  ** 

t 

f 

* 

WORK   DONE    (F   X  D) 

hniimiiirnrrpiTiiia " 


WORKSHEET  VI-3 


TRIAL 


HEIGHT  .OF  BOB 
.BEFORE  RELEASEE) 


Name: 


RELATIVE  POTENTIAL 
ENERGY   B-fiFORE  RELEASED 


RELATIVE  SPEfiD  OR 
KINETIC  ENERGY  AT 
BOTTOM  OF  SWING 


AVERAGE 
DISTANCE  * 
BLOCK 'MOVED 


12 


TITLE; 

AUTHOR: 

PUBLISHER: 


PUBLICATION  DATE:^ 

GRADE  LEVElT: 

FRY  READING  LEVEL: 

MATERIALS*  AND  COST: 


SUBJECT  AREA: 


Peoples-  ^nd  Cultures  Seties 

James  I.  ClVIt:. 

McDougal,  Litt^ll  and  Company 
P.O.  Box  1667-S 
Evanston,  Illi^hois  60204 


1976 
10-12 


12  (narrative) 
10  (primary  sources) 

.Introductory  student  text,  Learning  About  Peoples 
and  Cultures,  paperbound  (120  pp.,  $2/.97);  5  area 
studies  sttident  tejcts^-^paperbound  (444  pp.,  $2.97 
each);  individual  teacher manuals  ($0.96)  ~ 

Arfea  Studies,  WorW^History 


This  series  introduces  students  to  the\iisiories  and  contemporary 
■  societies  of  Africa,  china,  Japan,-  the  Soviet'^i^on ,  and  Latin' America. 
An  introductory  book'.  Learning  about  Peoples  and  Cultures,  helps  student 
develop    understandings    of  and  positive  attitudes  toward  other  peoples 
•and  cultures.     The  use  "of  essays  byyVarious  authors  provides  a  process 
for  approaching  cultural  studies.    Fi^e  individual  texts  describe  the 
historical  background,  contemporary  attitudes,  values,  customs,  economy 
religion,  .and  government  of  each  of  five  countries.    Student  guides 
included  in  the  texts  stress  important  people,  concepts,  and  terms  and 
offer  study  and  discussion  qaestions.     Teacher's  manuals  for  eaih  text 
contain  learning  objectives,  additional  study  questions,  and  activities 
for  individual  and  group  work.    Each  text  presents  a- culture 'without 
comparing  it  to  the  norms  of  other  cultures;  artwork  and  illustrations 
supplement  the  narrative.     The  materials  provide  the  basis  for  a  full- 
year  study  or  for  modular  units  of  varying  length^  Three  additional 
texts— on  India /-Southeast  Asia,  and  the  Mediterranean  Rim—are  due.  for 
publication  in  1977. 


TITLE : 

DIRECTOR: 

PUBLISHER: 


Scholastic  World  History  Program 

Jghn  llickerson 

Scholastic  Book  Services 
904  Sylvan  Avenue 

Englewood  Cliffs,  IJew  Jersey  07632 


PUBLICATION  DATE:  ^ 
GRADE  LEVEL:. 
FRY  READING  LEVEL: 
MATERIALS  AND  COST: 

.SUBJECT  AREA: 


1976 
7-10 


Four  student  texts,  paperbound  (208-256  pp.,  $2.9^ 
each);  4  teacHer's  guides^  (64  pp.,  $3.50  eash) ;  4 
sets  of  duplicating  masters   ($1-2.50  per  set) 


World  His to fry 


^  ..  .    TheSchoJastic  World  History  Program  is. designed  for  secpndary 
>^udents%Uh  below-average  reading  skills.    High-interest  reading 
materials,  full-color  illustration^,  and  student-involvement  activities  ' 
ar^^used  to  motivate  students.     There  are  four  texts:    The  Rise  of  the  ' 
We4t  surveys  milestones  of  bdstory  from  prehistoric  'feimes  to  the  decline 
of  |the  Romai?  Empire.     Ancient.  non-Western  cultures--Asia,  Africa,  and 
pr^-Columbian  America-are  introduced  in  Empire  Beyond  Europe.     The  Age 
of  Europe  reviews  developments  of  European' civilization  from  the  Middle  ' 
'Ages  to  the  early  ^nineteenth  century.     The  Modern  World  focuses  on  .both 
Western__and  non-Weste'rn  historical  events  that  have  significantly  con-, 
tributed  to  shaping  the  world"  during  the  past,  t^fo  centuries.     The  mate- 
rials,'which  include  quizzes  -arid  exercises  on  duplicating  masters,  can^ 
form  a  year-long -course  with  either  thematic  or  chronological  organization. 


'Tradition  and  Change  in  Four  Societies:    An  Inquixy 
Approach 

Carnegie-Mellon  University,  Social  Studies  CurricT- 
ulum  Project 

Holt/  Rinehart  and  Winston,  Xnc, 
383  Madison  Avenue  '  * 

New  York,  New  York  10017  •       -  r  *  ^ 

1974  (revised  edition)  / 

10-12  . 

College  (narratave)   *  •    ,  - 

10^^(priWry  sources)    *  ^ 

MATERIALS  AND  COST:     Stiv^;nt  texti  hardbound  (393'pp.;  $6.90);  teacher's- 

guide   (186  pp.  , '  $5:91)<;  support  unit  ($168.54) 

.^S^Opei^ARJEA:  . 


TITTLE': 

DEVELOPER: 

PUBLISHER: 


PDBLICATIPN  DATE: 

GRA£)E  LEVgJi: 

FI^Y  READING  LEVEL: 


Arithropoibgy,  .Economics,'  Political  Science,  World 
History  *  ^  %  ' 


^      Tradition  and  Change  in  Four  Societies  is  a  one-semester  inquiry- 
•oriented  course  in  which  high  school  students  examine  change  in  four 
areas:    West  Africa/ Brazil,^  India,  and  China.    For  each  area,  the  text 
'analyzes  the  traditic^ial  society)  the  impact  of  Western  ideas  and  insti- 
tutions/^^Hd  one  major\^temporary  probl3m~for  example,  race  relations, 
The  matej::ials  in  this  prog^  have  been  revised  in  both  format  and  con- 
'tent  to  refect  the  latest  res^rch  in  the  social  studies.    In  this 
editidn  the  re^ng  level  has  beeK  lowered,  the  textbook  heis  been  re- 
designed, new  testing  program  has  betsn  provided,  and  a  student  activity 
v^omponent  has  been  added  to  the  support  unit.    The  detailed  teacher's 

lide  >G^ntains  activities  and -topics  fot  class  discussion  wha>qh  are 
intended  to  develop  skills  of  inquiry  through  a  "careful  examin^on  of 
alteVnatiue  solutions  to  a  problem."  ; 


TITLE: 
AUTHOR: 
'publisher: 


PUBLICATION  DATE: 
GRADE  LEVEL: 
FRY  READING  LEVEL: 
MATERIALS  AND  COST: 

SUBJECT  AREA:^ 


World  History 

Jack  Abramovitz 

Follett  Publishing  Company 
1010  West  Washington  Boulevard 
Chicago,  Illinois  60607 

,1974  (third  edition) 

7-12   (below-grad^-level  r 

8 


I 


aders) 


Student  text,  hardbound  (60%pp.  ,  $7.95);  4-volume 
Student  text  ($7.95);  tieacher's  guide   ($1.77)  ; 
r"^inforcement  activities   ($1^.77);  teacher's  guide' 
for  reinforcement  activities  ($2.75) 

World* History 


The  twelve  ynits  in  this  text  are  divided  into  four  content  "areas : 
"From  Stone  Age  to  Renaissance";  "Democracy 'and  Change  to  1815"; 
"Democracy  ,^  Nationalism,  Imperialism  to  1914";  and  "Twentieth  Century 
Problems."    The  first  two  sections  deal  mainly  with  European  history;  the 
final  two  include  developments  and  issues  in  Asia,  Africa,  and  the  Middle 
East.    Student  analysis  of  facts , /readings and  opinions  is  encouraged  by 
questions  at  the  beginning  and  end  of  each  chapter.    It  is  hoped  that,. at 
the  conclusion,  of  the  year- long  course,  students.^will  have  developed  an 
understanding  of  the  major  themes  in  world  development,.     The  vocabulary. 


sentence  length,  and  paragraph  structure  are  based  on  a  si^jth-grade 
reading  level,  while  study  skills  are .developed  to  the  eighth-grade  level 
or  higher.    Thus  tKe  text  is  especially  well  suited  for  below-grade-level 
readers  in  secojidary- grade ^.  .  ' 


Print  Materials 


SUPPLEMENTARY  STUDENT  MATERIALS 


TITLE : 

DEVELOPER:' 
PUBLISHER: . 

PUBLICATION  DATE: 
GRADE  LEV^L: 

MATERIALS  AND  COST:'    Kit  includes:     teacher's  guide student  prepress 
!  »       ^   books,  charts,  and  tests  ($124.50) 


PLAN:  Individualized  Social  Science  Courses. 
World  History 

Westinghouse#  Learning  Corporation 

^  Westinghou§e  Learning  Corporation 
lOQ  Park  Avenue 
New  York,  New  York  10017 

1973^75 

9-12  .  ° 


SUBJECT  AREA: 


World  History 


The  PLAN  progYain.  contains  courses  designed  to  individualize  instruc- 
tion in  language  arts,  math,  science,  and  s6cial  studies  disciplines. 
The  world  history  materials,  which  provide-  the  basis  for  a  full  year  of 
instruction',  emplby  a  chronological  approach  in  studying  the  development 
of  world  civilizations:     Students  ai^e  ^en  the  opportunity  to  examine 
.current  world  situations , and  compare  them  with  historical  events.  *  Teacher 
tasks  are  explained  thoroughly  in  the  guide.     These  iVcOAide  planning  in-^ 
divj.dual  students!  courses  of  study,  -tutoring  student^  who  are  having 
difficulty,  and  facilitating  large  and  small  group  discussions. 


TITLE: 

EDITOR:* 

PUBLISHER: 


PUBLICATION  DATE: 
GRADE  LEVEL:- 


World  Cultures^  Sourcebook 

'Paul  Thomas  Welty 

J*  B.  Lippincott  Comp'any 
Educational  Publishing  Division  • 
East  Washington  Square 
Philadelphia,     Pennsylvania  19105 

1974 


11-12+ 
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FRY  READING  LEVEL;      College  (primary 'source^s ) 

MATERIALS  AND  COST:    Eight  student  text,  paperbound  (153-219  pp.,  $2.37 

eadh)  "  .  ,  ^' 

SUBJECT.  AREA:        .^^^^t^thropology  ^  World  History  •   .  - 

^'Jl^se  6ight  sourcebooks  are,  a  collection  of  observations,  do'cuments  , 
and  primary  sQurces.     They  are  especially  useful  for  ^students  who  want'  to 
evaluate  sources  and  base  conclusions  upon  first-hand  historical  evidence. 
The  time  spar>  covered  fanges  from  prehistory  and  the  earliest  known"^  " 
writings  to  such  contemporary  issues  as  po^?erty,  energy,  and  abortion. 
Each  book  explores  one  of  the  following  areas:     the  birth  of  civilization', 

-  J   '  ^       .  »  <  ' 

^Africa,  Asia,  the  Middle  East,  Eastern  Europe,  Western  Europe,  Latin  ' 
America,.^  and' North  America,     The  origins,  creativity,  and  ideological, 
evolution  'of  each  culture  are  e^iplored.  .  Readings  are  introduced  ^y  bold- 
face type  inquiry  questions;  thus  students  may  reject  on  the  questions 
as  they  read.     Because  there  are  no  teaching  ^strategies  ^^rev^-^w  qilestio?^s, 
or  discussion  jactivi ties,  the.  books  seem  best  suited  fol^  advanced  stud*^ts 
'who  can  read  ahd  study  independently.    'Teaches  may  be  ib^  ^o  us^  the  ^ 
books  selectively  as:  supp.lementary , reading  ]^or^ world  history  courses.  . 

,4. 

Audiovisual/Media  Materials  '  *        ^  ' 

TITLfi:  •  Early  Indian  Culture  of  North'  America 

EDITORS;    *  Daniel  Birch,  Roy  L*  Carlson,  and  Arlerte  Birch 

PUBLISHER:  ^         Fitz'henry  and  Whiteside,  Limited 

^  150  'Lesmill  Road      -  /  \ 

>^  Don  Mills,  Ontario  M3B^2T5,  Canada   '        *  • 

PUBLICATION  DATEr        1-974  •  * 

'grade  LEVEL:  -      ^  5-9 

MATERIALS  AND  COST;    Boxed -set  of  40  cards  and  teacher's  manual  ($56; OQ); 
1  '  ^     additional  teacher's  manual  (75  ppf,  §4.95) 

SUBJECT  AREA;  '    '     ^   Anthropolpgy  '  *  * 

4 

Forty  sj:udy  prints  illustrate  the  various' Indian' cultures  of  North 
America  before,  the  arrival  of  the  Europeans.    The  groups  include  cultuices  ' 
of  the  Southwest,  Misoamerica,  the  Great  Plains,  California,  the  Subarctic 
and  the  Artie.     Each  study  card  is  a  13"  x  19"  picture,  most  are  in  color, 
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backed  by  black-and-white  supplementary  illustrations.     Each  card  has  a  - 
caption,  a  commentary,  and  questions  designed  to  stimulate- student  thought\ 
and  research,  ^he  pictures  show  'such  activities  , as-bull 'dances  ,  food  ^ 
preparati(^,  house  construction,  and  berry*  gatheri;>g.  n  The  teach^r/s      -  ' 
-manual  provides  factual  background  information  for  each  picture  in        »  ' 
addition  to  teaching  strategies,  followyp  activities,  individual  study  ^ 
pro;jects,  bibliographies  for  students  and  teachers,  and  audloviltSal* 
resources.  -         *  '  •      '  ,  '  ( 


Games/Simula  tions 

TITLE": 

DEVELbPER: 

PUBLISHER: 

PUBLICATION  DATE: 
GRADt:  LEVEL: 
MATERIALS  AND  COST: 

SUBJECT  AREA: 


Culture  Contact  •  * 

ABT  Associates,  Inc.  .  *  .  . 

ABT  Associates,  Inc\  '     <         ^  .  . 

55  Vipieeler  Street    '  '       ^  .  r.  ^  % 

Cambridge,  Massachusetts  02138  ^ 

1976   (revised  edition)  '     .    ^      ^         "  ' 

6-12  '  '  '    '  *  . 

Materials  package  inclufies:  'Coordinator's  manual, 
student  materials,  and 'additional  materials  ($35.'00) 

Anthropology,'  Economics,  Geograptiy,  History,  ^ 
Political  Science,  Sociology  \ 


Culture  Contact  Simulates  the  potential  conflicts  and  misunderstand^ 
ings  whiqh  can  arise*  when  people  of  two  vastly  different  cultures  come 
into  contact.  ^Bept  suited  for  groups  of  from  20  to  30  secondary  school- 
^students,  the  gamk  requires  abjput  fiye  'SO-minute    class  periods'*  and 
.illustrates  such  con'cep^s^  as  social  structure,  decision  making,  and  ^--^ 
communication.     Each  ^udent  assumes  a:  different  rola  within  one  of  two 
imaginary  cultures.     The  cultural  groups  then  interact  with  the. goal  of  - 
establishing  a  trade  relationship.     Each  society *s  purpose  is, to  achieve" 
its  goals  to  the  fullest  while  maintaining  i ts  idistinctive ,  cuituirV.  The 
teacher  acts . as  facilitator  throughout  the  game  afid  as  discussion  leader 
after  the  game  has  been  played. 


/ 
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ITLE:  , 

AUTHORS;- 
> 

PUBLISHER: 

4 

publication  date: 
Grade  level: 
materials  and  cost: 
subject  area:  „ 


TEACHER  RESOURCE  MATERIALS 

ETipyclopedia  of  Anthropology 

David  E.  Hunter  and  PHlllip  Whitten 

Harper  and  Row,  Publishers,  Inc.^' 

10  East  53rd  Street 

New  York,  New  York  10022 

1976 

K-12 

Paperbound  volume  (-^11  pp.;  $6.95)  \ 
Anthropology 


Designed  to  be  useful  to  teachers  at  all  levels  and  to  older  students', 
:his  encyclopedia  fills  a  need  for]  a  compact  and  comprehensive  reference 
work  devoted  to  the'  field  of  anthropology »     It  deal/^t  only  with  concepts 
and  language  of  anthropology  but  also  with  it^^-^fifeories  and  leading  figures. 
Several  hundred  articles  cover  theories,  excepts,  research"  findings ,  and 
personalities  in  such  plated  fields  as  li\iguis  tics ,  ^psychology  ,^  and'' 
sociology.    The  encyclopedia  is  arranged  alphabetically  and  contains 
approximately  1,400  articles  ^ranging  in  lengt^  ^f rom  25  to  3,000  words. 
^All  but  the  shortest  articles  are  followed  by  a  bibliography  listing 
important  readings^on  the  subject.     Illustrations  include  photog:^aphs , 
maps ,  graphs /  chares ,  diagrams ,  and  drawings . 


TITLE:' 

EDITORS: 
PUBl^tSHER: 

-PUBLlCATlQjtf  ' DATE :  * 
■  GRADE  LEVBET 
MATERIALS  AND  COST: 
SUBJECT  ARgA: 

r 

This  paper  offers  tips  to  help  teachers  integrate  anthropological 
approaches  and  content  into  world  .history  curriculum  and ^ to  provide 


Teaching  World  History:  Structured  Inquiry,  Through 
a  Hdstorical-Anthropological  Approach 

Douglas  D,  Alder  and  Glenn  M^  Linden- 
«  f 

Social  Science  Educa^ic^  Consortivan,  Inc» 

855  Broadway 

Boulder,  Colorado  80302 

Also  ^ailabl^  through  ERIC   (ED  137  147) 
1976        ^  . 
7-12         ^  ^         ;  • 

Paperbound  volume  (164  pp./  $6.50), 
.Anthropology ,  World  Histojry 


Order  number  195 
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.^examples'  of  structuredtinqu^y  strategies  that  avoid  the  two  extremes  » 
•  of  "do  your  ov?n  thing"  and  rigid  teacher i control.    Among  the  nine  ' 
chapters  are:    ."Teaghing  World.  History  ^^i 'CMltural  Perspective,"  "Qur 
Contemporary  Ancestors:    Studying  the  Ps.esent  to  Understand  the  Past,'" 

Agri-Pasforal  Societies:    Some  Bantu-Speaking  Africans,"  "Chinese 
Village  Society,"  "Th^  Industrial  Revolution  in  Japan,"  and, "Post- 
Industrial  Nazi  Germany."    A  section  on  resources  frr^m-tlie  ERIC  system 
presents  16  documents  related  to  curriculum  materials  and  quides  for 
world  history  and  anthropology  instruction^  • 

TITLE:         -      •  WorlH  Religions  for  the  Classroom 

AUTHOR^  Dorothy  A, *  Dixon 

PUBLISHER:     -  Twenty-Third  Publications' 

P.O.  Box  isa 

West 'Mystic,  Connecticut  06*388 
PUBLICATION  DATE:         1975  .  •  ^         -  . 

GRADE  LEVEL:  7-12 

MATERI/VLS  AND  COST:     Paperbound  volume   (399  pp.,  $19.95) 

f 

SUBJECT  AJ^:  World  Religi,oi>s 

This  teaching  and  resource  guide  contains  ideas  appropriate  for 
teaching  junior  and  senior  high  school  students  about  the  following 
religions:    Hinduism,  BudcJhism,  Confucianism,  Taoism,  Shinto ,*^daisn, 
Christianity,  and  I^lam.     Individual  sections  dijscuss  general  approaches 
to  teaching  the  religions'  philosophies  and  rituals,  and  exemplary 
programs  are  cited..  Each  of  thfese, sections  is  suppl^ented  by  resource 
pages  which  describe  steps  in  religious  ceremonies,  explain  how  to  con- 
struct religious  objects   (among  thetn  a:  Jewish  sijccah  and  a  Buddhist 
prayer  wheel) ,  give  recipes  for  traditional  holiday  meals , 'and  translate 
^ongs  and  prayers.     Bibliographies  are  provid<pd  at  the  ^end  of  each  sec- 
tion in  addition  to  a  general  bibliography  listing  books  .on  world 
^religions,  religion  and  public  education,  audiovisual  materials,  and 
curricula  on  world  religions  for  public  schools. 
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ED  125  987 
TITLE? 

AUTHORS: 

PUBLICAT^ION  DATE:. 
MATERIALS  AND  COST: 


^hy  Belong?  j  A  Conversation  About  Cultural 
Anthropologic,  .  ^    .  ^ 

James  Peacock  and  .Carol  Ball  Ryan  ^  ^  f 

1974  ^    '     ^      •  ' 

44  pp.     EDRS  price t    MB- $0.83  plus  postage.'     HC  not 
available  from  EDRS;  oird^r  from:    Chandler  *and  Sharp  . 
^  .  Publishers,  5609  Paradise  Drive,  Corte  Madera,  " 

^  "         '       California  94925^'($l. 00) 

Thi-s  document  consists  of  a  'conversation  about  cultural  anthropology 
between^a.  college  anthropology  professor  and  an.£nglish  and  humanities 
high  school  teacher..    One  of  its  major  areas  of  concerr^  is  the  question 
of  why  young  people  today  identify  so  Jiarrowly.  and  strongly  with  small 
groups  basled  on  territory,  social  and  economic  class,  and  ethnic  or  racial  ' 
origin.     The  participants  discuss  ways  in  which  tliese  groups  can  be  induced 
to^ extend  their  horizons  of  identification  to  the  larger  power  systems  of 
nation-states.    Also  included  i^s  a  bibliographical 4iote  that  ci tes^  anthro- * 
poldgy  jresource  materials  of 'interest  to  t^eachers  and  students. 


Fed  114  357 

TITLE:       ^  . 
AUTHOJ^: 

PUBLICATION  DATE: 
*  MATERIALS  AND  COST: 


Pre-Coll^date  Anttirapology :    Trends  and  Materials 
Thomas  L.  Dynneson 

1975  '  \"  ' 

103  pp.     EDRS  price:     MF-$0.83  plus  P9Stage.     HC  not 
available  from  EDRS;  order  from:  Anthropology^** 
Curriculum  Project,^  107  Dudley  Hall',  University""^' 
Georgia,  Athens,  Georgia  30601  ($3.00) 


^    This  book  is  directed  to  educators  who  would  like,  anthropology  to 
assume  a  greater  role  in  the  elementary  and^  secondary  curricula.  Topics 
discussed  are   (1)  the  growing  importance  of  axithrcpology  as  a  part 'of  the 
school  curriculuiry    (2)  the  reasonT^for  inclx^iig  anthropology  in  the- curric- 
ulum;  (.3)  "the  content  and  structure  of  the  field;  and  (4)  the  nature  ^nd 

direction  of  current  thinking  about  anthropology  in  the  cutriciilum.  Also 
•  ?  ^  '  • 

•included  is  a  variety  of  K~l2.  anthropology  cur.rici>lum^  resources ,  .4  ncludinq 


ERIC 
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'federaily  feanded  project  materials,  textbooks,  simulations,  games,  and 
supplementary  material^.     The  package  contains  teaching  tips 'and  resource, 
suggestions  for  teaehers/  ,  (See  ED  114  356  for  a  related  document  ) 

ED  114  356  •  .  .         .         . • 

Dealing  with  a -Dilemma:    Distinguishing  Anthropclogi/ 
Materi-als  from  Other  Pre-Collegiate  Social  Studies 
.*       /  "     Materials         ^  ,  -       *  f  ' 

AUTHOR:  Thoma^  L,   Dynneson  • 

PUBLICATION  DATE:         I915       ^  ^        v  "  •  '  * 

MATERIALS  AND  COST:     7  pp.     EDRS  price;    MF-^$o'.83  plus- poslfage ;  HC-$1.6? 
.    '  plus^ postage^  *  ,  ^   ^  '     ^  .  , 

This^g^er  is  an  introduction  to  ED  114  357,"  Tqpics  discussed  in-  ^  ' 

elude  (1)  the  procedures  used  to  gather  materials .for  that  Publication, 
/  ^  -»  *  •  •  • 

,  (2)  sources  of  tbe  anthrppology  materials,   (3)  processes  used  for  screen- 

ing  materials,  and  (4)  screening  procedures.     It  is  noted  that,  whMe 

precollegiate  anthropology  curriculum  materials  are  st^adi^y  increasing.  ' 

in  number,  social  studies  teachers  have  difficuL-tS^  distinguishing  ^ound 

anthropological  materi/als  from  content  ^that  only  coihcidentally  deals 

with  anthropological'  issues,  ^e  author  contends  that  eduJttors  and 

, anthropologists  must  establish  prooedures  for  the  evalu'ation,  dissemination, 

and  adoption  of  K- 12. anthropology  materials this  book' is  intended  to 

facilitate  this  process.  »  .       '  ; 

ED  113  254  '  '      '  *  '  •         ■  .  ^ 

^ITLE:     ,         ,  World  [Cultures:    Social  5tydies.    Cra^e  Nin0 

DEVELOPER:  Baltimore  City  Public  Schools 

Baltimore,  Maryland  .         ^  '  . 

PUBLICATION  DATE:         ^975  V 

MATERIAi:S  AND  COST:     230  pp.     EDRS^  price :     MF-$0:83  dIus  postage  ;  HC- 

$12»71  plus  Dostage 

•fhis  teaching  guid^^n  anthropology  provides  ninth  graders  with  an  ' 
opportunity  to  s'^tudy  perception,  disparate  societi^,  and  the  similarities 
and  differences  ,that  exist  among  societies.    World  history  content  is 
used  to  illustrate  general  historical  problems  and  processes,  approached 
fiTom  the  viewpoint  of  6ultural  anthropology.    The  guide  proposes  an 
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inquiry-conceptual  approach  and  develops  modes  of  inquiry  along  v^ith 
"  concepts  that  are  useful  in  studying  issues  in  the  closed  areas  of  cul- 
ture.,   Nine  units  comprise  the  instructional  episodes  of  this  guide; 
each  unit  is  from  one  to  five  week?  long. 


ED  093  731  . 
TITLE : 

AUTHOR:  , 

PUBMCATION  DATE':' 
MATERIALS  AND  COST: 


Introduction  to  Anthropology \    Social  Studies: 
0425.13  ▼ 

M&gai:et  E.  Lal^^      '  .  *  ' 

1973 

47  pp.     Document  is  available  in  microfiche  only 
because  of  marginal  legibility.    EDRS  price:  MP"- 
$0.83  plus  postage 


Outlined  in  this  guide  is  a  course  in  anthropology  for  grades  nine 
thro\igh  twelve.     Student  outcome!  identified  include,  the  ability  to  (1) 
describe  the  social  science  o"f^ anthropology ,   (2)  identify  goals  in 
various  fields  of  anthropology,,  (3)  trace  theories  concerning  the  origin 
and  development  Qf  -marr,   (4)  explain  , the  concept  of  race,  and  (5)  outline 
steps  in  ethnographic  research.     Suggested  teaching  strategies  include  ^ 
readings,  classroom  piresentations  based  on  research,  outside  speajcers, 
and  field  work.     Learning-  activities  are  suggested  for  each  objectiye. 


ED  071  983 
TITLE :  ^ 

AUIJHORS: 

PUBLICATION  DATEf 
MATERIALS  AND  COST: 


/  * 


The  Review  of  and  l^eaction  to  Selected  Anthropology 
Projects  by  Professional  Anthropologists 

Thomas  .L.  Dynneson  and  Bob  L.  TaylJjr 


1972 

23  pp.  EDRS  price; 
$1.67  plus  postage 


MF-$0.83  plus  postage;  HC- 


The  main  concern  of  this  paper  is  to  determine  the  accuracy  and 
representativeness  of  anthropology  material  from  the  following  projects: 
Anthropalogy^ Curriculum  Project  (ACP) ,  Education  Development  Center's 
Man:    A  Course  of  Study  (MACOS).,  Materials  and  Activities  for  Teachers 
and  Children  (MATCH),  the  University  of  Minnesota's  Project  Social  Studies 
Family  of  Man,  Anthropolpgy  Curriculum  Study  Project^{ACSP) ,  and  Hi^h 
School  Geography  Project  (HSGP) .    Materials  analyzed  in  this  study  were 
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reviewed  by  a  panel  of  professional  anthropologist's  with  specialties  in  . 
cultural  and  physical' anthropology ,  archaeology,  and  linguistics^  ^ 

■     ■  /■ 

ED  071  939  '  •  ' 

^     Intcoduction  to  Archaeology,     Socisl  Studies:  6414.07 
AUTHOR:  Nancy  B.  Cooper  . 

PUBLICATION  DATE:         1971  .  , 

MATERIALS  AND.  COST:    .56r  pp/   EDRS'price:     MF-$0. 83  plus  postage;  HC-$2, 06 

plus  postage 

^In  the  course  described  ip  this  gu^ide,  tenth  through  twelfth  graders 
are  led  to  a  better  understanding  of  archaeology  by  examining  the  means 
and  ends  of . the  discipline.    The  course  shows  how  archaeology,  is  used  to 
provide  a  key  to  understanding  of  cultures  in  the  past,  enrich  the 
present,  and  offer  a  frame  of  reference  for  the  future.     Ma^or  archae- 
ological  KTOncepts  are  stressed-,  and  methods  used  by  social,  scientists  are 
put  into  practice  by  students, 

^ 


ED  (563  194 
TITLE: 
AUTHORS : 

PUBLICATION  DATE: 
MATERIALS  AND  COST: 


Social  Studies:     Peace  dn  the  Twentieth  C&ntury 
Grace  C.  Abrams  and  Fran  Schmidt  ^ 
1971-  .  .  -  .        '  \ 

62  pp.^  EDRS  price:  .MF-$0.83  plus  postage;  HC-$3,50 
plus  postage 


This  studyl^of  the  effort  to  maintain  world  peace  in  this  century 
examines  the  concept  of  nationalism  and  the  role  it  plays  in  the 
decisiohs  that  lead  to  war  and  discuss  organizations  ^hat  have  -tried  to 
preserve  or  bring  ^out  peacef    Student  goals  include  assessing .personal 
a^ttitudes  about  peace;,  examining  social,  political,  and  economic  reasons 
for  war;  and  suggesting  alternatives  to  war.     This  junior  high  guide  con- 
tains a  goals  section,  a  content  outline,  objectives  and' learning  activi- 
ties, and  teacher/student  materials.  * 
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?D  063  191 
LiE; 

AUTHt 
PUBLICATION  DATE: 
MATERIALS  AND  COST: 


Socia'^jSseudies ,    Dawn^^    The  Birth  of  Seiected 
Civilizations 

6 

Ron'  Cold    ,  4 

1971      .   '  -  . 

25  EDRS  price:  MF-$0,83  plus  postage;  HC-$1,67 
plus  postage  • 


This  interdisciplinary  junior  high  worldstudies  course -investigates 
concepts  of  prehistory,  culture,  and  pivilization  and-offers  an  in-depth 
analysis  of  why  an^  how  civilizations  rise  and  fall.    The  emphasis  is  on 
comparing  past  and  present  civilisations,    ^Three  units  cover  prehistory: 
river  Valley  civilizations  in  Mesopotamia,  Egypt,  India,  and  China;  New 
World  civilizations  in  Central  and  South  America;  , and  an  analysis  of  the  * 
internal  „and  external  pressures  on  civilizations  which  affect  their  qrowth 

and  decline*  -  ,  , 

'  i- 

ORGANIZATIONS  AND  ASSOCIATIONS 


NAME: 

ADDRESS/PHONE: 


SUBJECT  AREA: 
GRADE  LEVEL: 
PURPOSE; 

SERVICES/ACTIVITIES ; 


PUBLICATIONS : 


African  American  Institute  (AAI) 

Social ^Services  Division  '  -  * 

833  United  Nation^  Plaza 
New  York,  New 'York  10017  ' 
(212)  949-5666 

Africaa  Studies 

Ali  levels  .   '  .  " 

To  expand  the  ^cope  and  improve  the  quaiity  of  in- 
struction about  Africa  in  American  elementary.*  and 
secondary  schools,  ; 

Consultant  ^nd  Workshop  services  provided  at  s 
negotiated  fee^;  letter  and  phoi%e  information  ' 
requests  answered  at  no  charge;  development  of 
interdisciplinary  materials  which  highlight  present 
curriculxim  interests  and  link  them,  t'<^  Africa, 

Bibliographies  on  Africa  are  available  on  request,* 


NAME: 

ADDRESS/PHONE : 


American  Uniyersities  Field  Staff  (AUFS) 

4  West  WheeXock  Street  \ 

Hanover,  New  Hampshire  03755  \  * 

(603)  643-2110  ^'  / 


SUBJECT  AREA: 


GRADE  LEVEL: 
PURPOSE:' 


SERVICES /ACTIVITIES : 


PUBLICATIONS : 


Anthropology,  Econ2>niics,  Ethnig  Studies,  Fu^tur^  . 
Studies,  Geography,  Global  Studies,  History,  Le^al 
Education,  Political  Science,  Psychology,-  Religion, 
Social  Studies/Social  Science,  Sociology 

Secondary^  and  Higher  Educat:ion  '\         '  • 

To  study  significant  areas  of  the  world  and  to  make 
this  knowledge  available  to  educational  institutions 
,with  a  view  to  providing  a  better  under standiiTg  of 
world  conditions* 

Consultant  and  workshop  services;  global  studies 
materials;  for  secondary  schools?  training  program 
for  educators;  documentary  films  on  five  cultures. 

Points  on  Common  Ground',  published  quarterly; 
Common  Ground,  quarterly ;  Fieldstaff  Reps:>rts 
(studies  of  developments  in  foreign  countries )•;  - 
publications  list  available  on  request. 


NAME: 

ADDRESS/PHONE 

SUBJECT  ARE[A: 
GRADE  LEVEL: 
PURPOSE : 

SERVICES/ACTIVITIES : 
PUBLICATIONS : 


Asia  Society  *  ^  * 

■  112  East  64th  Street 
New  York,  New  York  10021 
(212)  751-4210 

Asian  Studies  '  * 

All  levels  '  V  , 

f     .  ^  » 

To  foster  better  understanding  between  Asians  and 
Americans^ 

Workshop  services;  lib-rary;"  gallery  education.  ^ 
program;  policy  studies  on  Chin^  and  India.. 

Asia  Bulletinr  published  bimonthly  (free  to  members); 
^books  and  policy  studies;  publications  list  avai;able 
onVequest.  • 


NAME: 


ADDRESS/PHONE : 


' SUBJECT  AREA : 
GRADE  LEVP:L:  , 
PURPOSE: 


Association  of  Teachers  of  Latin  American  Studies, 
Inc.    (ATLAS)  '< 

Post  Office  Box- 73 
Lefferts  Station 
Brooklyn,  New  , York  11225  - 
(212)  756-0890 

Latirl  America 

All  levels  "  •  , 

To  promote  teaching  of  Latin  American  history, 
culture,  anB  languages  in  the  schools  and  insti- 
tutions of  higher  learning" throughout  the  United 
States 


26 


SERVICES/ACTIVITIES  : 


PUBLICATIONS:  , 


Consultant  and  workshop  services;  development  of 
elementary  and  secondary  curriculum  materials 
dealing  with  Mexico,  the  f^exic^n-American ,  and  the 
Puert^  Rican. 

Perspective,  published  five  times  a  year  (free  to 


members) 


NAME: 

ADDRESS/PHONE : 

SUBJECT  AftEA: 
GRADEj  .LEVEL: 
PURPCiSE : 

SERVICES/ACTIVITIES : 
PUBLICATIONS: 


Center  for  Global  Perspectives- 

218  East  Eighteenth  Street 
Msv7  York,*  Mew  Yc^k  10003  * 

(212)  475-0850  '  '    -  ' 

peography,  Global  Studies 

All  .levels  ^  ^ 

To  introduce  and  improye  peaceful  aljbernatives  to 
violence  on  a  global -basis. 

Consultant  and  workshop  services;  library;  guides 
cind  curriculum  materials  .on  concepts  of  conflict 
and  interdependence,  .  ' 

*  <  , 

Intercom,  published  quarterly;  .descriptive  brochure 

available  on  request. 


NAME: 


ADDRESS/PHONE: 


SUBJECT  AREA: 

GRADE  LEVEL: 
PURPOSE ; 


SERVICES/ACTIVITIES ; 


PUBLICATIONS; 


Center  for  International  Programs  and, Comparative 
Studies 


New  York  State  Education  Department 
99  Washington  Ayenue  ' 
Albany f*New  York  12211  . 
(518)  474-5801 


1 


Art,  Culture,  Global  Studies,  Religion,  Social 
Studies/Social  Science  .  '  / 

Elementary,  Secondary,  Higher  Education^ 

To  encourage  research  and  study  of  area  studies 
and  intercultural ,  international,  and  related 
issues  by,  students  ^and  faculty  at  the  secondary  * 
and' college  levels. 

.Consultant  and  workshop  services;  case  studies' and 
audiovisual  materials  on  India;  elementary  materials 
on  Africa  south  of  the  Sahara. 

Catalog  availcible  on  request* 


NAME«: 

ADDRESS/PHONE: 


Center  for  Teaching  International  Relations  (CTIR) 

Graduate' School  of  International  Studies 
Utxiversity  of  Denver 
Denver,  Colorado  80210. 
(303)  753-3106 
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SUBJJICT  AREA:    ,  Ethnic  Studies,  Future  Studies Global  Studies, 

Political  Science,  Social  Studies/Social  Science 
GRADE  LEVEL:  Early  Chi;dhood,  Elementary,  ^and  Secondary"  Education 

PURBOSE:      •  ;ro.  improve  social  studies  teaching  at  the  pre- 

collegiate  level , ^specially  tjhrough  the  develop-" 
>  ^  ment  of  giojjal  pertpectives. 

SERVICES/ACTIVITIES:    Consultant 'and  workshop  services ;  lilprary,-. 

comparative  studies  cvrrriculum  projects. 
PUBLICATIONS:  '      •       Newsletter,  CTIR  Newsletter,  published  three  times  • 

J, — ^    x-^^^,  ,  >-uiA.A.a.*^uxuiii  anxi-&  J.UX.  (jidysroom  use, 

descriptive  information  available,  on  request- 


NAMEi 

ADDRESS/PHONE; 


SUBJECT  KKEA: 


GRADE^  LEVEL 
PURPOSE:  • 


InterCulture  Associates,  Incorporated 
Box  277' 

Thompson,  Connecticul!  06277  *  - 

(203)  923-9494 

Anthropology,  Economics,  Ethna^c  Studies,  Future 
Studies,  Geography, ^.Global  Studies,  History, 
Political  Science,  Religion,  Social  Studies/S'ocial 
Science ,  Sociology 

All  levels  ,        .  • 

^  fq  prepare  and  distribute  learning  material^  of] 
frdm,  and  about  other  cultures  which  create  a  basis 
for  greater  understanding  among  cultures. 


SERVICES/ACTIVITIES-: 


PUBJilCATIONsT 


Consultant  .and  workshop  services;  s^iovroom  and 
conference  center;^  Student-centered' activity  card 
units  (Africa,  Latin  America,  America,  Yugoslavia); 
African  Biography  Series;'  filmstrips  and  multimedia 
learning  units. 

r  '  ' 

InterCulture  News ,  published  four  to  six  times  a 
year  (ftree);  descriptive  brochure  available  on 
fequest.       ,     ^  ^ 


f 


NAME: 

« 

ADDRESS/PHONE : 


SUBJECT  AREA: 


GRADE  LEVEL: 
PURPOSE : 


National  Humanities  Faculty  (NHF)  V 

1266  Main  Street  '  * 

Concord/  Massachusetts  01742  ' 
'    (617)  ;?69-78D0 

.    Anthropology,  Art,  Ethnic  Studies,  Future  Studies, 
,  Global  Studies,  History,  Humanities,  Political 
•  Science,  Religipn,,  Social  Studies/Social  ^Science 

Elementary,  Secondary and  Higher  Education 

.  To  improve  the  teaching  and  learning  of  the 
humanities,  in  schools  and  two-year  colleges  through 
'teacher  renewal  and  curriculuia  development" and 
o  .enrichment.   "     *  '  / 


3?' 
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/ 


PUBLICATIONS : 


SERVICES/ACTIVITIES:    Consulting  services;  library;  individual  schools 

program  (resident  assistanc^  by  outstanding  humanists), 

Pv^aveiength^  (published  five  times  a*  year,  NHF  schools 
only);  Why  Series  (transcribed  conversations  by  an 
authority  in  the  humanities  and  a  person  experienced 
in  hard 'realities  of  today's  schools;  titles 'available 
on  request) .  -  ' 


NAME: 

ADDPZSS/PHONE : 
SUBJECT  AREA:  ' 

GRADE  LEVEL: 
PURPOSE: 

SERVICES/ACTIVITIES : 
PUBLICATIONS:  , 


Simile  II 


Del  California  92014 

(714^53-6640 


Anthropology,  Economics,  Ethnic  gtudies,c> Future 
Studies,  Global  Stildfies,  Legal  Education,.  Political 
Science, ' Psychology,  Social  Studies/Social  Science, 
Sociology 

Elementary,  Secondary,  and  Higher  Education 

To  develop,,  promote;  and  publish  educational 

simulations  and  games  in  the  area  of  social -studies, 
o 

Consultant  ^nd  workshop  services;  s-imulations  and 
games  designed. on  contract;  Talking  Rocks  project 
(simulation  focusirjg  on  origin  of  written  communi- 
cation and  presenting  a  picture  of  tribal  man  as 
cooperative  and  interdependent  with  his  environment 
and  other  peoples). 

Publications  list  available  on  request. 


NAME: 

ADDRESS/PHONE: 

SUBJECT  AREA: 

GRADE  LEVEL:  • 
PURPOSE :      *  ' 

V 

SERVICES/ACTIVITIES ; 
PUBLICATIONS  :^ 


Social^Studies  Development  Center      '  /  ' 

513  North  Park 
Bloomington,  Indiana  47401 
(812)  ^337-3838 

Anthropology,  Future  Studies,  Geography,  Global 
Studies,  History,  Political  Science,  Social  Studies/ 
Social  Science  *  , 

Elementary  and  Secondary  Education 

To  contribute  to  the  improvement  of  social  studies 
instruction  in  elementary  and  secondary  schools 
through  sponsorship  of  projects  in  curriculum  ' 
develdpment,  research,  and  the  diffusion  of, 
-^nnbvativ^  practices.  '      '  ^ 

Consultant  and  workshop  services;  resource  center; 
junior  high  world  geography  courses;  high  school 
world  history  course;  anthropology  cas^.  materials 
project. 

News  and  Notes  on  the  SociaJy  Sciences,  published 
three  times  a  year  (free). 


ERLC 
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ERIC 


\         '  29      '  '  . 

World  Religious  C^^rriculum  Development  Center' 

\    •    '  (WRccc)  ■  r-\  ■ 

ADDRESk/PHONE:      '        6425  West  33rd  Street  .     ■      "         ' •  \ 

-    Minneapolis,  Minnesota  55426  ^  ) 

(612)  925-4300    '  •       ■  '  • 

I 

SUBJECT  AREA:  Religion,  Social  Studies/Social  Science 

GRADE  LEVEL:    4  '^Secqndary  Education 


PURPOSE:  ^  ^    ,    ^"^^  develop,  field  test,  and  dissemi/nate  a  high^ 

'^school  level  coui'se  about  major  religions  of  the 

SERVICES /ACTIVITIES:    Consultant  services  and  workshops;  World  Religioris 

Curriculum  course. J- .  *  ' 

PUBLICATIONS:  .Newsletter,  WRCDC  AteT;4i^tter, --published  occasionally. 


.  s 
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